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2.1-1 
Ae? (т, | | љ — 
с = а | e "7 0777 qr = Ae? sinc(m—n) = Ка 
fy 779 0 otherwise 
2.1-2 
vit) 
<(у(0)-0 
== |" доо 2nnt 2nnt ү + [л „хт a dr = sin 
лп 2 
п 
C, 
argc, 21802 21802 
2.1-3 
зай и 
ч + 
“ч, T 


Cy =(у(0))= 4/2 








2 plo! 2A 2 
eo. | ЕТЕ.) cos i = singin - А (соли 
T, Jo Т, лп (ли) 


(cont.) 
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c, =Z [^ Acos cos 2nnt |, (2A sin (x -лп)2/Т7, , sin(m +mn) 2t/T, 
1559 То 1; К А(п-тп)/Т, 4m +лп)/Т |, 
Ар. : A/2 п=+1 

= —[sinc(1—n) + sinc(1 +п)] = | 
2 О otherwise 
2,1-5 
у (Е) 
-x . 
су=(у(@)=0 


% od . А 
€. --/ [' Тав вови) 
Top Т, Tn 











n 5 
с, / 5л 
argc, | —90° —90° —90° 


1/2 


Т, 407 —лл)/Т, 4a --лп)/Т, 





__ “|” (т-лл)2г/Т„ sin(n *xn)2t/T, 


0 


es E )] TjA/2 п=+1 
=—j—|sinc(1—n )—sinc(1+n)}= 
? 2 x с ý 0 otherwise 
2.1-7 

= 1 1/2 — jnt To - jnOot 
c, = 21 v(f)e dis | va dt] 


where [vem ar = [va T, 12) еі е PII ту, 


В Th /2 Р 
=-е'" |А v(t)e ^" qr 


since е'" =1 for evenn, c, = 0 forevenn 


| + 2 [Ај sine f| +2|Aft зїпс2/т| +2|Aftsinc3f,c| +... 








уућеге _=4/, 
М>: P= — А талан —+2sinc’ 2 sine ЇГ 0.23А° 
>= Р--- b 25іпс? "E 2sinc? 2+ 25іпс? 5. 25іпс? = 2sinc? 5+ 25іпс? z- 0.244? 
2 
> pas 14-2sinc? ы [м 
16 4 2 


2.1-9 
0 п еуеп 


2 
6f 
E n odd 
Tn 
1521, 41, 2084, жү, 1 
Ti" T, 1,7% Т, 3 


4 Ү 4 Ү 4 Ү 
Р-21--1-2|---142|---1-0332 зо Р/Р-99.6% 
т? 9x? 25r? 


, 8 8 8 
b) v= т? COS Wot + pee + Fee d 


Ty, Ту, 
кі | 

2.1-10 

О n even 
ГЕТ 

лп 

2 

а) pel (1) dt=1 Р-2 С + ES + 2 = 0.933 so P'/ P 293.396 

Т? л 3л 5л 


(cont.) 


И 4 о 4 о 4 о 
b) Y (t) = = cos (yt -90 )* 4 cos (30, -90 )+ cos (560 -90 ) 


4. и ЕС d 
Tun (0,7) + PE (3@,t)+ тіп (501) 
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2 
0 1/2 =0 
pati tous Е й 
То” | To 3 1/2лп n#0 


a oY "RU 1 1 1 
Р-2 = || +++ |= 
NES Е | | Зи 5° | 3 


2 2 





pog: 0m 213 4 
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Ш 0 п еуеп 
_ |(2/лтл)?” nodd 


4 4 
Thus, 1 ай дол ал 
1 3 5 2.23 96 


3 
V(f)- 2 [^ Acos Т соз2л ftdt 
0 t 
бһ(7-2л/)2 (олу) 
-2А sug) NEU) = 4% [sinc( ft 1/2) sinc ft +1/2)] 
2(Ё-25/) | 2(E2xf) 2 


(cont.) 
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е гт 
2.2-2 
VG) =-Р [Ат cosa лаг 
0 T 

· (21 т. (27 Т 
яц(2-2:/7) 5 sin( 29257 Е inc(ft —1) -sinc( ft +1] 
“205203 рта | Ј 2 sinc( ft sinc( ft 
2(R—mf) — 2(2®олу) 


11421 





2,2-3 
т 1 2AT ‚| OT "- 
У00-2| А-А- |cos@tdt = 5 28107 -141|- Ат 8шс: ft 
0 t (MT ) E 
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2A 
VG -ja[, Azsinandt = -j- “(sin от -OT cost) 


от) 
"o 
= —j — (sinc2f 1 — cos2n fT) 
nf 
2.2-5 


v(t) = sinc2Wt <> x" 


ad 2W 


2 
апелу ar = | as ЕЗ af = [7 dt - 


2-5 








2 2 2 
Е= (дете) = 2 Е'=2 кок гр И M 
0 2Ь 9 b^ - xf) тр Ь 
E 2 2л (50% W =b/2m 
— = —arctan = 
Ь 84% Ү/?-25/т 


2227 
[оода уй) | [уђе "ај р 


= [wn] [voa] = [уус 

V(-f)=V*(f) when v() is real, so | vdt | VEW *Godf = | УСЭГ af 
2.2-8 

[wea 4 Гое? = | [woe me а] -W'(f) 

Let 2(1) =w" (H) so Z(f) У (-f) and W"(f) =Z(-f) 

Hence Гждада-Гу(о2-р4 


2.2-9 


п| је Asincur so sinc А! < — ШЕ | 
00) «sine У): 542| for A== 


22-10 
Boos ІП sje = [sinct -1/2)+ sinc( ft +1/2)] 
T T 
so 2 [sinc(tt —1/2)+шс(тт +1/2)] © Bcos Pn z | B cos ШЕ 
2 t t t t 
Let В=А and t=2W = z(r) = AW [sinc QWt 1/2) + sincQWt +1/2)] 


22-11 


кча ОП МЕНІ = 1) sinc( ft +1] 
T Т 
50 - j [sinc — D- sinc(tt ке ва Dn | - ponet 217 п n{ =] 
5 T T T T 


Let B=-jA and t=2W = z(r)- AW [sinc(2Wt —1) + sincQWt +1)] 


2-6 


Z^ 2b -ала| 47а а/п 














= e — = 
b -Qnfy (2ла? +(2л Р)? а+ј 
7 (лађу ЕС ды а/л Ж аў - df 
БУТ d ЕН (2+?) 


= ax (ту 1 т 
Thus, а Е. 


2.3-1 
z(t) 2 v(t- T) -wt-T) where v(t) = АПС К) <> Ат sinc ft 


so Z(f) -V(f)e " + V(f је“ = 2Ат sinc ft cos2n fT 
va) 





2.3-2 

z(t) 2 v(t C 2T)-2w(t) -w1--2T) where у(1)-аП(1/т) <> Асзшс ft 

20р) = У( је A +V(f)t V(f e?" = 24t(sinc /т(1--сов4л fT) 
ЈУ) 





2.3-3 
z(t) 2 v(t 2T )—2W(t)+Wt+2T) where у(1)-аП(4/т) <> Avsinc ft 


Z(fo=VF je AT -2V(f)*- V(f je?" = 2AT (sinc ft )(соѕ4л fT —1) 
МЕЛ == ДАТ 





о Шт UT 


2.3-4 
t-T t-T/2 
c --- — Қанаты ыы еее 
v(t) an T ім ant = | 


V(f) =2AT sinc2 {Ге + (B — A)T sinc fTe ^"^? 
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2.3-5 
t-2T t—2T 
— AII B— АП 
2 | AT к | 2Т | 


V(f) =4 AT sinc4 fTe ?"" +2(В— А)Т ѕіпс2 ЈТе 2 








2.3-6 
ER 


Let ыы | 
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УС a) 


Then z(t) = v[a(t — t,/a)] 2w(t— t/a) зо Z(f) = У (ј је ®t" "prre we 
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2.3-7 
F [voe |= | nee Mat =| ve 7 "aiv 1.) 


2.3-8 
v(t) = АПа /t)cos@,t with €, =27 f, =n /t 


V(f) =F sine(f – Јој +E sino + Лт = [sinc( ft -1/2)+ sinc( ft +1/2)] 


2,3-9 
v(t) = AIL(t /t)cos(@,t—1 /2) with à, =2n f. =2n/t 


— jm /2 /2 
т ел 


= Ac sinc( f — f, Jt € —— At sine(f + Л) 








14545 


ы j [sine ft -1)-sine( ft +] 


2.3-10 
2A 


1-- (2x f? 
a НИНЕ. ЛИ 
1-454(7-13 leaf +f. 


zt)=vcoso,t у) = Ае > 


ZG OV += 


23-11 





z(t) 2v()cos(Q,t —n 72) v(t) = Ae" fort>0 e 
1+ g2m f 


5/2 _, — jAm 
1+jQu(f-f,) 14-/2(7-71) 


e e” 


5 УЛ 7 Ит 


А 4/2 
j-2n(f-f) j-2n(f f.) 


Z(f)= 
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2.3-12 
v(t) 2t z(t) bn је 2Asinc2 ft 
4, 81027 ft Іш 
df шаг жо 21, ft p ty 


0-2 () = SF (sinc2ft - cos2x fx) 





| (2nt y f сов2л ft — лт sin2 ft | 


2.3-13 
2Ab 
b! -(xf)y 


Zf)= “| 2АЬ |- j2Abf 
E df |b’ *QnfY| Гроту] 


10) =) у(й=Ае c 





2.3-14 

A 
b+ рл ӯ 
А |- 2A 
b+j2nf | [b+ лу] 


z(t)2twt) v(t)2Ae" fort20 © 


1 d 
жр=———= = 
Í (-72 f) | 


2.3-15 
2 1 2 
vA =e" Vf) M 


(a) 40) = onb/te 7 «> PEL „ль 
t 


b 
er 1 £ ЭРЭ 
b) te л (bt) e M codi у= e^ Un 
( EXE = VCf 
Both results are equivalent to bte ^" < — jf e? 
2.4-1 
у0)-0 240 
2 
= [Aka = Ж. 0<г<2 
0 2: 
2 
= [ААА =2А 1>2 
у x 
А 2 
2 
вг ж 2 ^ - t 


2-0 


2.4-2 


y(t)=0 t<0,t>5 
2 
= [Ала = 2 0<1<2 
0 2 
= | АХал-2А 2<1<3 
ENS _ А ау 
= | ала ДА-а-Э | 3<1<5 
2% 
2А 
тэ 
T 
+ -3 HN t x ^ ” wr om 
24-3 
y(t)=0 t<0,t>3 
2 
= | Andr = 0«r«l 
0 2 
r A 
-|,9М40:-20:-1) 1<1<2 


= | ада, == [4-06-10] 2<1<3 


уш) 
ЗАЛ. 

А 2 АЛ, 

1404 Z^ o І у" 
24-4 
у()-0 («4 

-|,2А4Х-2АГ-8А 4<1<6 

-|2А4.-4А t>6 


ше) 
244 > ч b : 


2-10 


2.4-5 
у(0= 0 1<0 


гр 0<г<2 


al 22747, = ее -1| t>2 


wuha 


2.4-6 
у(0-0 і<-1,1>3 


= [20-304 =P +2г+1 —1<г<0 
= [зажал + оа АМА +001 0<т<1 


-| зауал (20 –АЈАХ 2-t 42-1 1<1<2 


= [а-а =Р –6г+9 жырда 
“е 





к SEE? из Х 
24-7 
y(t) =0 1<0 
= | 4€ ^ Be" "aX -АВ (а –ђује “ -е“] t >0 


2.4-8 


v(t)= Ae" w(t) =sinat= od _Језм=В 12°" + Be P 


y(t) = v*w,(t) -v*w, (t) =[АВ, Ка —Ь)][е " –е “ ] +[АВ, Ка —b,)]le "' –е“ ] 
Let В, = j/2, b, = — јл, B, =- j/2, b, = јл and simplify 


2.4-9 
уже = [vO)wG-2)dX let =r- 


--[7ve-iwaudp = [7 wv -pdp wv) 


2.4-10 
Let у(1)- ЇГ v(A)w(t —A)dA where v(—f) = v(t), м(-4)- w(t) 


yt) =| vA w-d = | v00w 2) X 
=- [сие -y)dy = Грива = yt 
24-11 
Let у@)= уОдн(-2)40.. where v~) == (1), wt) = –и(0) 
yen = | vA we- ax = | уби 20 aX 
= | убије -wdy = Гуфи дан = yo) 


2.4-12 
Let w(t)=v*v(t) =TA (t /T) 


T2 


укиб) = f ced f (t -Mdko ior 0<г<т/2 


T 1 3 2 
[е5 О раар 2 


т?р || <т/2 
4 
E E: 
Thus ужужу() =1 4-7 т /2<||<3т /2 
0 > 3/2 
1 
a^ ult-2) 4454, 
772. 
м(2) 
7% 
2 + 
UP PEs жа о 7h T 37A 
2.4-13 


F (va) *[wQ)* 2001) =V NW FZ) 2[VGOWCÓ]ZG) 
so v(t) *[w(t)* z(0]2 F “ЦУС IZ] =E) ий ] #20) 


2.4-14 


=1п|/ - 
ЕЈ Wf )-4IIQ f) 


YCf) = VOÉE)WCÉ) = HQ f) <> yO) = (0/2)sinc(1/2) 





2.5-1 


2(t) = Шыр ол Z(f) =F sinctf -fy +P sinctf T 


As т-»0 the cosine pulse z( gets narrower and narrower while maintaining height A. 
This is not the same as an impulse since the area under the curve is also getting smaller. 
As t — 0 the main lobe and side lobes of the spectrum Z( f) get wider and wider, however 
the height gets smaller and smaller. Eventually the spectrum will cover all frequencies with 
almost zero energy at each frequency. Again this is different from what happens in the case 


of an impulse. 


2.5-2 
Wf) = (рем = м2. ТАТЫ 


z Уй Басы P Cf = nf.) = с„(т/,) = с, (пў, је ?"" hu 


2.5-3 
W(f)- j2n JV(f) = jan f м (nf. )5(f 0) = У [2xnf, c, Qo GF — nf) 
=> c, (п) = j2nnf, c af) | | 
2.5-4 
W= V м] 5 e noB тј Есу E Memo 


= Dette mA ( 7M) Yelk +m) в м 
à Le [(n — m) f, ]+ c, (n m) fy 8 Cf — nf.) 
so с (Пју) = МС [(n — m) 1+ с [0+ т) fol} 


2-13 


2.5-5 
v(t) = Au(t)—Au(t — 27) 


Е РАИ ЈЕ 
VD» A ЕУР PF | 


But 6(f)e "^ =е/5(}), so 








A Pen | 
V(f)- 1-е Л | = 2Ат sinc2fte "^ 
Ee т ) f 


Agrees with v(t) =I Je 2Avsinc2fxce 7^ 
т 


2.5-6 
v(t) = A- Au(t+T)+ Au(t -T) 


1 1 mft — 
тєг | 


But 6(f)e/*^ 28(f)e 7 =е" (р), so 





vas jeu 1 а 


ЈОЛ: 2 


= іе. 1 јатјг -/)л/т = 25 : 
vaji org е ) A6 ( f) 2Атѕіпс2 ft 


Agrees with v(f) = A— AII(t/21) €» Ad (f ) –2Ат sinc2f« 


2,5-7 
v(t) = A- Au(t- T)- Aut — T) 


fer, 0) pi^ a 26 о) | 





vzala- 





Е. 2 paf 2 
But 5(/)е757 = (f) ?*7 =e S (р) =8 (f), so 
V(f) - (ей елат). -А сов2л fT 


Јл f Jn f 
If T—0, wt)--—Asgnt <> V(f) -ХР which agrees with Eq. (17) 
ju 
2.5-8 
У(Ј )=sincfe and У (0) =1, so 


_sincfe 1 
КО jon f 42240 








"EE. (f), which agrees with Eq. (18) 


If £20, w(t) 2u(t) and W(f)- UTC 


w Lt i + 


-éz 0 672 


2.5-9 
C3 6e es and У(0)=1, s 
 le-jmf c 
E 1/& 1 
ҚУ (л /)(1/є + /2л f) +2 993 
1 


If £ —0, w(t)=u(t) and W(f)= Xf 


мм 
р | pom 


€ + 





1 
i (f), which agrees with Eq. (18) 


2.5-10 
z(t) = АП(1/т)%|5(1-Т) +8 (t +T)| 


so Z(f )= (Ат sinc Р) (е + gue 2 Ax sinc ft cos2x fT 


2.5-11 
z(t) = ATI (t/t) *[8 (t — 27) + 26 (0) - 8 (t - 27)] 


so Z(f )2 (Ат sinc fc) (e ^" 424677 )= 24x sinc ft(1+cos4n fT) 


2:5-12 
z(t) = ATI (t/t) *[8 (t - 27)-28 (1) +8 (t 27)] 


so Z(f )=(At sinc fc) (e ^^" —2- e) = 24x sinc ft (cos4n fT — 1) 


2.5-13 





2.5-14 






ря Te fare aa о | 





у() for n=1,10 


2-15 


Сһар{ег 3 

3.1-1 

y(t) = A(t)* А|6(141,)-60-4|-418(-1-00-14)| 
Y(f)=H(f)A (e -e ) = j2AH (f)sin2n ft, 


3.1-2 
y(t) = h(t)* A[8 (1+1,)+6 (0) |= А[л(1+1,)+8 (1) | 


Y(f)= H()A (e +1)= = 2AH(f)cosm ft e 
3.1-3 

y(t) = пп) Ah(t-t,) = Ah()* h(t —1,) 

Y(f)= HG)AH (e "" = AH (f)e "^ 

3.1-4 

у@ = h(t)* Aut -1,) =А | “водах 





DuA : а je emo He e HB (f) 


2n f 
3.1-5 


F[g(r)] = нау сен 3 UE TE Н(0% Cf) 


Е [dg © / dr] - јол f F [g()] - H(f) -F [h()] Thus h(t) = dg()/ dt 


3.1-6 
jm fYCf )e AnY Cf) = јал fX Cf )cl6n X Cf) 
Y(f) /7л/-218 8+ jf 








Н == = = 
9) X(f) /21/7-212 2+1 
EE 2 f 1 
|H(f)|= дар arg Н(/ )=arctan 8 агсїап 2 
y 


Т 
m яаж 


3-1 


3.1-7 
Jm fYCf ) +16 YCS) = јол fX(f )e 4n X Cf) 
Y(f) jonf*2n2 24) 





Ma jonf^2n8 84+ if 
кы] НЕ а 
|H(f)|= ог arg HAT асап ын 
dett лийн 
825 + f 
"| pros 
3.1-8 


J2n fYCf )- 4xY Cf) - рп fXCf )+ 4n XCf) 


неру УЈ) „-Ёл/ +212 2-jf 
X(f) |рл/-2л2 2-/ 


2+7. 





|JH(f)|= 


E n 
-” | а 
-[g0* 


3.1-9 
H(f)eD. for |f wu B 
if 


=lforalf argH(f)= -2arctan 4 

















B 1 
Thus Ү(/)-4-2-Х(/)-25 B X(f) for |fl2W 

us YU) e XG 52x 8— —X() for |Д> 
and у()-218| x(A)dA since X(0) «0 


3.1-10 
ug» for |/|< МП B 














Thus ТҮЙГЕНІ” for |f|<W 





3-2 


3.1-11 


We 
AW 


2 
= 2sincAWi X(f)=— II 
x(t) = 2sinc4Wt «> X (f) AT | 


не 


= 1 1 
Е, = [ХО а = | ар S 


У n 2 | 








1+j(f/B)2w (40 
сүү 2 

es e Ж B іад = 
? 1+(f/B) 2W B 

Е, В у 

= — arctan —— 

E. 2W B 

3.1-12 


h()- F^ [НН (Р) |= hG * hy) 
where h,(t)=u(t)—u(t—T,) 
h(t) = u(t) -u(t = Т,) 


7, 
VN t 
8 je TT, TtT 


2 


3.1-13 
h(r =F '[H,COB,C(]9 hO * ht) 
where h(t) = 27 Be ^P u(t) 

h(t) =u(t)-u(t-T) 


1 7 Р”, 
4 
| = М 
0 ЗБ т Te mE 
3.1-14 
j 27 1. 1 
HO pes. | ЖЕР 
1+ jK2xnf K 1/K+j2n f 


l dr эк 1 l к 
hi) = ce u(t) |280 те u(t) 


шы ИК - EE 
УК + 2n f K 


3-3 


3-1-15 


К 1 
H(f)= 


1+ Kj2n f БЕРІ 
so AA =e" ult) 
g= | AA) ф = K(1- 2" jut) 


3.1-16 
Since h(t) is real, H,(f)=H,(f) апа H,(f)=H,(f), so 


по) = [ [AA+ jH edf = 2[ H,(f coset df + /2|7 jH,(f)sin ог df 
=2|[ H, (Poser 4”-| НАЈ уз тог 4 | 

A(t)=0 їогї<б= [нтв ар = ЈИ Н.(/)сов ом df 

Hence, for г> 0, — |" H,GDsinor df = | H, (f)cosot df 


so A(t) = Й H,(f)sinot df -| Н.(/)совом df 














3.2-1 

pop [rss] (лв) 
авнаа Le ( 1] e£ 
for |f[swü B 

3.2-2 


-1/2 
|н (ал, =[1+(2/3) | arg H (nf,) =—aretan(n 3) 
y(t) = (0.95)(4)cos (ot —18?) + (0.71)(4/9)cos (30—45°) + (0.5)(4/25)cos(5@,t-59°) 
=3.79cos (ot —18?) + 0.3 1cos (30,1 45°) + 0.08c0s (50—59°) 


- 


4 


3-4 


3.2-3 


ДЗ | - —— 


1-(л/3) 
y(t) = (0.32)(4)соѕ (or — 72°) + (0.71)(4/9)cos (30, — 457 ) + (0.86)(4/25)cos (50! – 319) 
=1.28с0$ (0, – 727) + 0.31соз ( За! —45?) + 0.14c0s (500 1 — 319) 


аге Н (nf, ) = 90° – arctan(n/3) 


Ч 


40 (40 
1 / —jos 
-П|-- le" 
(ру- 207 = 2 40 = 10е? 
RG) 1-71 
20 (40 
m arg HC) 
joon 
іс 10 
С 
* lo 
- 30 Зо М "NC 


Note that 3002 = 2л and the phase actually wrapped around several times. Under 
normal plotting conventions we would go from -л to x and repeat this pattern 300 
times. 





3.2-5 
— arctan( f / B) : 1 
t ш----Т- B=2kHz limt = —— 
Oe ae im — 
/ kHz (О), 1115 
0 -0.08 
0.5 -0.078 
1 -0.074 
2 -0.062 


3-5 


-Z |f|<15 
arg H(f)= х 
25 |/|» 15 


1 T 1 
= arg Hf) = ыг ЈА 





к 0 |Д>15 
л//30 1. 11515 
ЕН 2m f 60 
Ы Qn f л/2 1 
------ |Д>15 
nf 4f 
so t,(f)=t,(f) for |f|<15 
м6) 
| +0) Мо 
ЭТЭ. 
“15 1“ ? -15 1$ г 


3.2-7 


(а) Hf) 53 Б 2o - (e eem) e 9T =Q +e T +qe 1977 


Thus, y(t) Za x(t) - x(t- Т)+ох(ї—2Т) 


2T 
(b) Var * 
в Ta Т ат t 
3. 
1 
к ы ty 
3 t 
о 7A T 2T 


3-6 


3.2-8 


2 
ехр Е (oT -о біп?) | = е REM ae IT b jasin oT- sin’ oT d 





ЇГ М л/2, НАЈ)= eiT + jo зїп oT eg T — е-®Т ыза 











ы Ок іші 20 ur 
2 2 


Thus, y(t)= x(t) +ха-Т)- “х@-2Т) 

223 28 о 

leading echo inverted trailing echo 
3,2-9 

2. —jO(ty-T) ,)04віпФТ 

H (ЈГ) = Ke" е! 
emo? =1+ j0.4sin@T— 0.86іп ӨТ +---=1+0.2(e”" —е Т) 
so Н. (f) = Ke "D (10.2% —0.2е 7") 
Таке К =1 апа 1, =2Т, so Н(Ј)= (0.2е”” 41-0.26797 ) eT 
Нерсе, А-Т, M=1, с = 0.02, c, =1, с ---0.2 


3.2-10 
Н,(/)- Ke 7D (1+0.8соз@Т)" 
Expanding using the first 3 terms 


(1--0.8совФТ)  21— 0.8cosoT 4-0.64cos?oT -0.51со8” 07 


Ч ют ү 


where cosa? = (297 +e"), orara ces Se е pur) 
2 2 2 24 

3 1 3 joT —joT 1 j30T = j30T 
cos oT = 7 (30050 7 + cosSoT) = = (e +e )*gle $e m) 


Take К =1 and t, =4Т, so 


13°, .64 , : . ‚64 : . 
HX E е weer | pe Блан с ју“ 
= e Por -52 еле | рэн 


Hence, А-Т, М-3, с, = с, =—0.065, с, = с, =0.16, с=с =–0.59, с, =1.32 


3-7 


3.2-11 


3 3 
А 
y(t) 22Acosoy – ЗА? сов юу. ЗА? coser = 1799 + “costo T, 





3 3 
50 ›©-[4-% sou олы 


2" harmonic distortion = 0 





И 20 | 4 300% A-1 
35 harmonic distortion = | -----х100- 


42% А-2 





3.2-12 
y(t) =5 Асов0,/-2А? соз” Q,t +4 А? cos? 0,7 
2А° cos? Фу = A^ + A*cos20,t ДА? cos*@ = ЗА? сове)! + А? соѕ30 17 
so y(t) = А? + (5А + ЗА" )cosayt — A? сов20 1 + А? совЗоуг 

12.5% А=1 
х100 = 


2 





2 harmonic distortion = | 


5A+3A° 118% А-2 
5 ту | 3 12.5% А=1 
2% harmonic distortion = Хх = 

5А+3А 23.5% А-2 





3.3-1 
Р, -0.5W-27dBm ¢=50km о =2dB/km 


Р, =50mW -17dBm 20uW =—174Вт 
27dBm - 2/, =-17dBm => /, = 22km => /, = 50—22 = 28km 
—174Вт+ g, -2х28 = -17dBm => g, = 56dB 

—17аВт + g, =17dBm => g, =34аВ 


3.3-2 
P, =100mW = 204Вт ¢=50km а = 2dB/km 


Р, =0.1W =20dBm 20uW =-174Вт 
20dBm - 20, = –178Вт => /, =18.5km=> /, = 40—18.5 = 21.5km 
—17аВт+ g, -2x21.5 =—174Вт = g, = 4348 

—17аВт + g, = 20dBm => g, = 3748 


3-8 


3.3-3 


23 
Бы = --164В, mL, = 0.4х400 =160 dB, g, «30 dB 


in 


тх30 ав-160>-16 = т>48 so т-5 
g =(160—16)/5 = 28.8 dB 


3.3-4 
L, =0.5х3000/ т=1500/т dB Р, =5mW=7dBm 


a > 67uW —-11.75dBm 


арша Өз рүн т>80 
т 
егш сылу „ЛШ d 
P, ті, 80 
3.3-5 


1,-2.5х3000/ т-7500/т ав Р, =5mW -7аВт 


z > 67 УМ —-11.75dBm 











таВш-1209 > 11,75 => m > 400 
т 

Мо БЕТТЕ ЕЛЕСІ 

Р, ті, 400 

3.3-6 

Сы = 2x10“ /5 =-64 dB, L =92.4-6+ 26 =112.4 dB 

2 P 

E == = %-(1124-64)/2-24.24В-263 

Loue 

4n (xr?) (0.510?) Е 

so -----------26 = ғ-1.5х107 km-1.55 m 

3х10°) 


3-9 


--64dB | L-2924-14420-98.4 








2 me, 
EE _ 984-64 _ 17 4B = 52.5 





4n (nr?) (0.2x10)' 
so ————————— - 52.552 r-17xl0?km-1.7m 
(3x10) 


3.3-8 


With repeater P,, — TERME Without repeater P,, — S 


out ^— LL, in out 
ыт гел 
LL, L 5 1, 

1, =92.4—20108 fey, + 20log25km =120+201ор f 

1, -1, 

І,-92.4-201о6 f +2010250 2126 +2 -log f 

Let f =1GHz 

L = L, =12088 > 10" [=1264В = 3.98х10° 
10" x10” 


398x107 - 0.3x10? =115dB 


Bai =1.2 
3.3-9 

L, 292.4 + 20102 17 + 2010g3.6x10* = 208 

Ї, = 92.4+20log12 +201023.6х 10“ = 205 

P, =30dBW so Р, -30--55-208-20--1034ВУУ 


за, 


based оп parameters from Example 3.3-1 g,,, =18 +144 = 162dB 
P, --1034162-259dBW зо Р„=59+16- 205+51= -79dBW = 1.26x10°W 


аи ош 


3.4-1 
H(f)- Ke "" — КП E^ h(t) = KÒ (t —£,) -2Kf, sinc2f,(1—t,) 


£ 


tt + 
2$, 


3-10 


34-2 
H(f)sKe ч —H,,(f) where H,,(f )- Eq. (1) 
Thus, from Exercise 3.4-1, 7(1)-Кб(-1,)-2ВК sinc ВИ —1, )с050) (t —t,) 






- 


1 
tyt Е 


3.4-3 

|H(0.7B)f = [1+ 0.79" ] 2107" =1/1.259 
so 1--(0.7)" <1.259 ог (0.7) < 0.259 

п (0.7) 

1 0.49 — select n = 2 

2 0.24 





|pap|-[1«3"] ^ 2 [13] -011--194В 


3.4-4 
|H(Q.9B) = [1+ 0.9” T" 210 = 1/1.259 
so 1+(0.9)?” <1.259 ог (0.9)” < 0.259 

п (0.9) 

6 0282 — select n 27 

7 0229 


-І 


|\н(зв)]|=[1+3”| =[143"] ^ =4.6x10* = -66.8dB 


3.4-5 


H(f) (ШЕВ | from Table 3.4-1 


-І 








HG HU em Ie 5 4 5 || 


2л В 2n В 


257 
=——— | 8-21В(42 
(s+b) +b 


so h(t) = 2be™ sin btu(t) 


3.4-6 


(а) уара. where Wolle uc E ЫЕ VEC 
Zrc + JOL К-1/ юС 14+ joVLC 
Thus, Н(/)- І 


1+ Јо МЕС - o?LC 





80 НОО -|(-өлс +(азисј | =1-(у/ AY «GrH with Я 


(5) |н 21/22 1-(B/ f, +(B/f,) =2 


50 © |+) в= (+45), -127), 





1нНС0)| 

1.15 

о 

9,707 Butterworth 

+ 

3.4-7 

ге" "аблел=олужв | , , , 230-011 1 
1-e?*^ —09—:,-22.30/2nB] ' ^ ' тв 287В 


3.4-8 
г(0-| hQoaX.— 2b [e^ sinba dX — 1- e^" (sinbt+cosbr) for 120 


054 052 1 
bt/n 401, bt/m-06 t= = v2 





"р InB 2.8В 





3-12 


3.4-9 


x(t) = Asinc2Wt „еге; хот | 


2W 2W 
xz | for B>W 
Y(f)= "(s ko- : 
— EJ for B«W 
2W 2B 


Asinc2Wt => 1,=1/W for B>W 
y(t) = 


Z Asinc28r =t, =1/B fo B<W 


7/1, 


0 у Б/у 


3.4-10 
H(0)= | й he di. 





Е-Е h(t) dt 





hol- anea | «p ное" ar = ноу 
Thus t,, = НО) Же ЛЕНЕ 1 
Inc). Пн. М 2B... 











3.4-11 


(а) Н(7)= 2KB[/" sinc2B(t—1, edt = 2KBe 9" |? sine2Bhe Ра, 


where ѕіп2л BA cos2n fr =5[sin2x (+ B)X -sin2n (f-B)A| 


м Sin 2nt ( sinon (f £B)X ]  p2(f5By, 8100, 1 
апа ах--- da = Sil 2л (f +B jt 
1 2n ВА 2r B 0 а 2л В [27 (УВ) | 


Thus H(f)=—e {sil an (7+ в), ]-5 |2 ( f—B)t, |) 








(cont.) 

















1 
Шаа” ^ 2B 
ы Я 
tam ву 
1 + + 
5 ч tty о t4 24 | 
к „ак intol Lig к 
mati 
= + ғ 
о вебу È о 8 25 
3.5-1 
(а) бше | ые EX 
T° tÀ л ї—А] у Tt 
Е|&()]|=(—/5вп /)F [800] - —jsen f 
Thus, F"[-/sgn f] =) - - 
лі 





(5) бо = 800 апа ШЕ 


лі Tt Лі Tt 
1 
Thus, ЕЈ —6 (t) 
Tt 








3.5-2 
ац exero) where х(/)-А(и()-и(-т)) 
T 
so АП ы жарты шалт 221 шан, 
T 2] m |+1/2-т| т 12-т 























Now let ког вап = ши цан seen 
is T t>o |2t-T| Т 

3,5-3 

қ І / 

F[s(] = (-j к= Hier 
polses /) уу-уу | 
14130123 d pf £-w 
2W W 2W W 


Thus, Х(7) -jsincWi (e 7" pt ) = sincWt ѕіпсл Wt =n Wt sinc? Wt 


3-14 


3.5-4 


1 1 
X(t) = COS ot ла s аи. 


А 1. l. 
X(t) = sin Mot — rS Шы: 


3.5-5 


x(t) = 4соз®уг+ cost + cosso 


X(t) = 4sin 0),1-- ЕЛҮ, + = sin Wot 
9 25 


3.5-6 


25 -| y£ - Ти 
ДЕ [x (f)| И d 


t inc? : : e 1 1-5 ст 1 1+5 т /2 
x(t) = nWtsinc^ Wt = sinc Wt sint Wt <> X(f) = П | —— |е" +— II —— |е" 
2W 2W 


W 
dq ДЕС ел” to ft eo? 
№ W 2W W 


Note that the cross term is zero since there is no overlap. From the graph we see that the 


+ 











(= 





two rectangle functions form опе larger function so 
2 1 f 

Х = —II| — |=|X 

ШЫ = | Ix c) 

3.5-7 

x(t) = ACOs Wot X(t) = Asin оу 


Г хож ù dt = АЗ сова 5100) 7 dt 


[Ања АВАР | 451 : 
= lim 21 „5їп(®, — 6, )1 die —— | „sin (©, +@, )t а = lim EL 
o =P 


T co 





2 
= lim 2 (ааг -o0s(-20,7) =0 


Т — со 
0 


3-15 


3.5-8 
Е [a (1) = не” = 254 сове 4 


= |, hcosot dt =| hcosar dt =H (f) 





НОР) =Е[(1+5епг)л, (0 |= Н, (+ ШЫЛЫ нр. нй) 


Јол f 

Thus, Н,(/)--Н,(/) 

3.6-1 

р, (о) = (ьт) = (әт) 
-(v[r«co]w =К„(-т) 

3.6-2 

R, (x tmT,) =(v(t+t £mT,)v' ©) 

but v(t+t+mT,)=v(t+t) so К, (t €&mT,) =(v(t+t)v' (t))=R,@) 

3.6-3 

P, - (pt ey )- (pop )-8, 


ROP = [vow 0} РР, = 200) во 








R,(x)| € К, (0) 


3.6-4 
X(t) = сов 200! From Eq. (12) К (т) = 5 со 20 т 


y(t) = ѕіп20, = соѕ (20) —90°) => А (т) = 5 созду 


(Note that the phase delay does not appear in the autocorrelation) 
Since К, (t) = К (©) we conclude that y(t) is similar to x(t). This is the expected conclusion 


since y(t) is just a phase shifted version of x(). 


3.6-5 
V(f)- ADsinc f D e "*" 
G,(f )=(AD)’ sin fD К, ©) = ATDA(x/D), Е, = К, (0) = А?” 


3-16 


3.6-6 
А |а 
vasa ns 


MP а ыйы шу 
в | Е |Б R,() aw CHI E, = R,(0) re 


AW 4У/ 
3.6-7 
А 
1404 И: 
G,(f)= ae dL. ан E,=R,(0)= £ 
3.6-8 


v(t) = А, „А „ы шаг өтесе 
2 2 


2 А; 
6,0? =A +L- fo) +8(F + fo) ] 
R,@) =A} 32 oso. P -R(0-A NS 
2 2 
3.6-9 


ДА ды s ЕЛДЕ ТОНЫ КЕ 
v= етеу +е Hie ме), (e оо у +e’? e P20! o m) 


G.S [8 Gr- л) жә A] 2-19 (7-27) 8 (7 +2/,)] 
A А: Д? А? 


К (т) =—-080,7 += cos2ugt Р =R (0) шонг 


3.6-10 


БЕРЕН Ж |0 і<т 
RG)-lim--[. A u(t u(t—t)dt where u(t)u(t 94 е 
Таке Т/2>т >0 i m “ире: 

ake >T >0, so ЇГ “см т) =f E T 


2 2 
Thus кери = Гог айт 
2 


А А? 
P, = К, (0) meom G,(f) БО 


3-17 


3.6-11 
- sed dedos. 
мо-П00)-1| | <> х= TE 


1/10 10 
— К-и f | ,- 00.05 ua 
H(f)- Ke (55) % (1 
G,(f)= |н G.(f)= 2 B since x(t) is an energy signal 


шаг 2 18 j2n ўт 
so К, (<) = шэн 107 ај 








Сһар{ег 4 


4.1-1 
V(t) = у, @)+у„(фсо$@ у, (t) =ъ, (05110 


A(t) = Jv7(t)+2v,(t) »()сова ку (= и (Ю+у, (дсоѕо 





оа =e у, (95110 

v(t) *v,() cosa v.) 

| 
АНД, - Yq 
Pd 
» Y git) 

П vi 

4.1-2 


у, @) = [w(0 + v,(t)]cos@ ot v, (t) = [v (0 ^ у (г) sin@ t 





A(t) = Ју (t) +20, (t) v(9cos20,t -v2(t) = у @)+ у,(фсов20 
[v,()-v,@)]sin@t _ 


царгас |», @) +›„(@)]соз eor 


0 





4.1-3 
(а) | »,(04-| у/(фсовола-( v, Osin œt dt 


[s Ocosos ar=[" [807 7) +8 (07) of I oo —/)]=0 
since f. »W and У(/)-0 for |f|>W 


[ v, Osina dt =f" vy [es (7-5) не" (7+7) | 4 
-5l". (£e ^^ «V, - fe"? |=0 


Thus, | v, (tdt 20 


(cont). 


4-1 


(b) Ер = ІНЕ (ACOSO t— у, 8100) 1 ) dt 

- 2 nias xa [v cos20,t dt+ | visina dt | уу, віп20,1 4| 
but v;,v;, and vv, аге bandlimited in 2W « 2f, so, from the analysis in part (a) 
Г v; 0520.1 dt -Г у; 51020 1 dt = Г уу, sin2o,t dt =0 


неке by Af Fv de fg aM 


4.1-4 


" f +100 
= 400 | 


у, (t) = 40051пс4007 pum 
= 400sinc400r (cos21100: + jsin27 100r) 
v, (f) = 800sinc400r сов2л 1007 v, (1) = —800sinc400t sin 2л 100t 





4.1-5 


ED 16 f +50 
v) e sns? 100 | п 150 | 


150 Мыны | PR 
v, (1) --, sinc150r е? + 100sinc100: e ^7? 





v,(r) = 2Re| v, (0) |= 150sinc150r cos2n 75/ + 200sinc 1 00 cos2x 50r 
v, (t) =2Im| v, (0) |= 150sinc150r віп2л 75t – 200sinc100r sin27 50r 
4.1-6 

Vip (t) = 2244 cos (+0, +a )cos@ -sin (+0, +a) вш, | 

so 1,00) = 240 cos(tmrt+a) у, (0) =22(t)sin (+m +0) 


Жоо) 


ve (f) 52240 [cos (+/+ t) + jsin(*9,r- a) |= (дей 
4.1-7 


Ей ES l / 
Н =| 1+ = 2 


so +00 БЕТКЕ! (таға 


En 


20 
B= f- 407 а) -Airaa ај = 


41-8 
eed es, = В зо 


0 

















A 1 
H(f) =[1+ ЈО[ 1+8 -(1-8)]] = 2228 
But 6 zd aufs 50 
ћ Л 
1 f =] (1+8)>0 
Hes — f 
Ут яаг-лил ^ VABRE 
4.1-9 
H(f ЕЕ: stagger-tuned 
Je f+ by +07 1-5) IP 
"CUM E single tuned 
1+(f- f.) /2Ь? 
4.1-10 
Н,(р- : л: = h,(t)-nBe*"u(t) 


1-/2//В B+ рлу 
jo) t A 
ЕП 4 > Хр) = ult) 


л ВА p -лВ(1-Х) 
= је 
2 0 
Јо! —л Bt 
Yp (t) =2Re| у„(ђе““ |= А(1–е *")coso,t u(t) 


Yot) =h, жх (1) = 4. - S (I-e7*)ut) 


AG - e T8t, 





4-3 


4.1-11 
н,„(Р) = Шр ym = h,(t) = Be" sinc B(t-t,) 
хү =2Re| Zune > хүй 50) 
BA о, 
y, (t) =һ„*®х@) o [sinc B(A-t,)da 
_A = УНЕ асы Вени) . 4 
Ec [sinew u | sinc u | 
A fl 1 
=—е 7“ |-+— 5 тв (t-t 
2 5 x ( )! 


У» (t) =2Re | у (к = А| Ч зав (t-t; | совФ,(1-1,) 


eR (Li aBlt-t,)] 





4.1-12 

__1__ 
ж(/+/,) 

/ 


H,(f)= {5 with 2 № so (f Ffo) falls outside passband. 


x, 0) 72e" we" => zd E) 





























е. e” ҒАН БЫС RUE B 
Thus, 216111 с since fy U f for 55 


ja 





AO) | á аьн 


0 


sinc Brsin (@,t+) 





2B 1 $ Јо jo d 2B 
yy (1) = ——sinc ВЕ Кеј + je’ е? “|= + 
T fo лу, 


4.1-13 


_ „ть f. m 2 В 
H,,(f)=e e Ху) = 7 Z(f)-0 157 = 














пад since £ 1 for |f| Ww 


"az Ga 2n ) Е > оор J 





2 
Thus, у, (t) = z@cos з == : 0 sin@,t 
4.2-1 
pss 
x(t) 
Ac 
| z 
t 
1 бый, 
AM, p>! reversels 





42-3 

Y сонс 100 
АМ: В, =4004# 8,--4 (1-425,) = — (140.6?) =68W 
DSB: B,-400Hz 5, = А, - =50% 


4-5 


42-4 
sinc? 40 © к 2 
40 


В, = 2W =80 Hz 











4.2-5 
AL -(2А) =32kW = A?=8kW 
1 1 
pL 5,-2 => S, = А (+ u?S,)= 6kW 
4.2-6 
2, 
йт, фе 421р we p ae ew 
2 2 2 2-4 

1-1) 
EE 24 u) kW <4kW 

2-1 


so 1+2u +u?’ <2+р => 15405 


42-7 
Чы -Х0)-3К(1%2)<1 => К<1/9 


2 
p,-1|3ka | (бюдш КА? =2 КОР 
| 212 2 8 4 


б 2 
2Р, 2 __45К° 245 ng 
5, 45 ор 2+45К? 207 





Ac 
га 


410 7% 109 POY 1010 Ї 


ЖА. 


4.2-8 
x(t)=2K сов20л1--К со$12 1+ К cos287t [Жы =x(0)= К(2+1+1)<1 => К <1/4 





2 
pP, =1(KA,) «2x B -3 код? = К?Р, 
Ж: 212 4 2 
2 
ЦЭВЭР ОНИ БН Ion 


S, P+3K’°P 19 





VE 
AFL 440 444 оо 106 100 ісің г 
4.2-9 
aT : Ї Ї 
x(t)=4sin—t=4sin2n—-t B,=2W=— kHz 
2 4 2. 


001« ^ «04 = 108, < f. «1008, 


5 kHz « f, < 50 kHz 
4.2-10 
х„@)= А, [1+х()]сово/ = A(t)=A,[1+x@]=0 for no phase reversals to occur 


Since х@)| = —4 there is по value of A, that can keep A(t) from going negative. 


Therefore phase reversals will occur whenever x(t) goes negative. 





4.2-11 


1 
х„(@) = А. [соз 401 Пр 90r |роз ft 


Ї 
5 d 


E-to £-40 QJ но (ғ d 





4.3-1 


2а 
(a) у„ =@,xX(t)+ ax? (t) + a, cos? @,t +a, | +— x(t) |cos@,t 
1 





desired term 


Select a filter centered at f,=10 KHz with a bandwidth of 2W =2x120 = 240 Hz. 


(b) a, Coa ! сово, = A, [1+ их) соѕо = Ш + ха [е с 
1 


= а=10 22363 = аг 
а 2 2 


4.3-2 

x,(t)=aK? (x + Acos@,t) —b(x-Acos@,t) 
= (ак? -b)(x* + A’ cos? @,t)+2A(aK* +b) хсоз® 1 
-4АРрх()со80)1 if К =,/— 


^it) 






3.05) 4Ab & воз wt 


Aces bit 


4.3-3 
x,(t)=aK? (у + Асове t} —Ь(у— Асоѕо 1)" 
= (aK? -Ь) (у: + A’ cos? o1) -2A(aK? +5])у cose 
=4Ab[l+pux(t)|cosot if K= fe апа v(t) =1+Ux(t) 
a 


үе» 





43-4 
Take v, = x cosQ,f so 


у = a (x сове!) + a, (xX 3x? cos Wyf + 3xcos? оу + cos? Фу 


3 3 3 2 3 1 
=| а +—а, хљах +| а,+—а,+3а„х” |со5®  +—ахсов20 + — а, сов30,/ 
2 4 2 4 


[Ж XZA) м BPF 


вм за қамшы hiw 26-м 2% 25,4 2% 


Take /,-2/, where f,+2W<2f,—-W so f, > 6W 





4.3-5 
Take v, =y+cos@,f, where у= Kx(t), so 


Vou = a ( ¥+COSM f) + a, (y? +3y cos Ф +3ус05 0,7 t cos? ду ) 


3 3 3 2 3 1 
= “у у+а,у + ap d By и лш: 


Y 


С" жЕ. 


Хе) “Га ша BPF 
о w Jw $2 A Бањ 25-21, thew 37, 
Take f. =2 f where f)+2W<2f,-W зо f.>6W 


Оа cosas (tee 
2 2A 





| cos@.t 


с 





4.3-6 


2 3 
1 1 1 
Let у, safa сона [А woes val a cost 


у 


ош_= 


2 3 
b, [А costa } b, [^ c "ҢА сот 


| : 11 3 1 
Expanding using сов-0 = 252595294. cos! @,t= 1905 91+ 2595394 
Since BPFs reject components outside f, -W «| f | < f.+W, 


x, (t) 2v 








OU, [ppp — Vout. 


BPF 


4 


so there's unsuppressed carrier and 2" harmonic distortion 


(«+в ===, Jsoure (as) ео 01 *3(a,—b,)x (cos o 


4.3-7 


x(t) =20sinc?400t «э X C7 5) 0 ЕСІ 


4 4 4 
vu) 7 — x(0coso,t -— x()cos30,t - —x(icos50,t —--- 
T Эл 5n 


М9) ,------ 
Аг, 





need /.+200< 37. –200 = f,>100 Hz 
But f, must meet fractional bandwidth requirements as well 
so 400<0.1f. =  f,»4000Hz which meets the earlier requirements as well. 


44-1 


х,0)- еа, [x(0 + je] P 





= S кеа созоу (Я Osino,r] Деб УИ 40соз 0.1} 





= 2 [х(дсоѕо г + 2(ф51п 6,1] 


4.4-2 
хбсозви e 7 Х(/—/,)+-Х (f * f.) 


sing, = (e^ егіні) and X(f)-(-jsgnf)X (f) so 
j2 


1 1 
2фвїп@ e —-5рп(/ -f.) X(f - /,)+звп(/ +/)Х(/ HL) 





Thus, х= Eff звал Л) (7 7) + ва Gr 0)] X (F +/,)} 
4.4-3 
Upper signs for USSB, so 
_|2 />/, J0 f>-f. 

salt- 72/1 eae 5227: 

EXE) Жэ 

2 <f 
ХАЈ)= 0 шид 


“ох(у+у,) f«-f 


44-4 


Let Ө =0 1 so X(t)=sin@ унаж 
2 ^2 1 | Э 1 2 2 
x +x =| с0$0 оо +| sind с 


22 
= а соѕ30 + 2 unb sin30 E NUT 
81 9 9 81 9 


A(t) = ЗААГ? Ht = хіх 824 18c05% = 582 +18сов® 


Ч лай ыг 
2% 


? 






44-5 


ЗРЕ-! ТРЕ-2. 
input t input 


5 ғ ° + » 5 4, 5 + қ 
Ұ?Ғ-| 97Е-2. 
sut pat | [N outyat 

о 4, J % т fit fh. 


For LSSB, upper cutoffs of BPFs should be f, and f, , respectively. 


4.4-6 

2B 2400 20.01/, = f, < 40kHz 

0.01/, <2 f, +400 <80.4kHz 

f, €8.04MHz and f, =f, +f, <8.08MHz 


ВРЕ-! | — < 700 На 
input : 


ô ғ, 


BfF-2 pe—2 $, а 406 —м 
input HE, «ане S F 


4-, + Arh 





4.4-7 
Xf) 
e 

Ас " 

^ Ч ( 
-ioo 490 | 492) (шо 

"4 4609 Фо оо 
ог calculate directly from 

ОВО РОВ "ede Geely 

4 4 2 2 2 4 the line spectrum 


B, =W =400 Hz 


4-12 


*clt) 


ВРЕ 
qo -ibe 


OL, елок, 





Check to make sure BPF meets requirements: 

001222201 => AT = (0.01<0.04<0.1У 
Also f, « 200p = 200х 100 = 20 kHz Y 

Note that a LPF at 10 kHz would have violated the fractional bandwidth 


requirements so a BPF must be used. 





4.4-9 

cos (00,1 — 90? +8 ) = sin (0,7 +8 )- со86 sin @,t +sin д cos@,t = sin œ + бсов 09,1 
A ^ DNE 

Thus, x,(t) = {[x() ¥8£(1)|cosw,t + £Osin w,t} 


2 
At) = 2|2 (90) Во" 


4.4-10 


(1—&)cos (0,1 —90? +8) = (1-=)[с056 sino, * sin8 сов0),1| = (1—€) sino „+5 coso „t 
A, 
2 





х„@) = | coso, сов0,1-(1-е)віп0,15іп0,1- 6 сов0),1 sing, | 





)t+e[cos(@, -0, )t—cos(@, 40), ) | 


= ^ |2сов(0), +0, 
-6 [ sin (0, —®„)г +sin (0, +®„)г]} 


But £ cos0 —5 зїпӨ = J£? 46? cos(0 + агсіап(ё /е)) 





(2-£)cos0 —8 80 -4/2-6) +8? соја -arctan E | 
-6 





з241-6/2со8(0-6/2) 
Thus х.(1)- ~ ДЕ еТсо (а, каје +6/2] + 2 У +8" соц (о, оз) 


44-11 





+ (1-а) Am А, 


The easiest way to find the quadrature component is graphically from the phasor diagram. 


1 1 1 
Ха (1) = 44,4, sinan 7,2 — (1—a)4,A, sin2m f, НО A. sin2n f „t 


m 


4.4-12 
к =” 





210. 5+a)cos(@, +®„)г + (0.5— а)сов (®. -ө,,)1 | 





== labe (o, +®„)г + cos(o, — o, )r] 27 [cos(o, +@,,)t—cos(@, -ө24) 





газто 1810) 1 | 


А 
=0 = (0---< 
а х„@) Э 





DSB 


а==05 => ђе 








(о, “о,)! SSB 


4.4-13 


x,(t)= A, С2 + cos (c, +o,)1| 


2 2 1/2 
A(t) =A, ( преко | IE | 


2 1/2 
-А|1-ұсо50, pE 


Alt) „> АА /» 
‚ә шы 
А 
с 


4.5-1 
| f, +199.25|= 66 MHz = f,=265.25 or 133.25 


|f, + 66] = 67.25 MHz => f,=133.25 ог 1.25 
Take f,, 2133.25 MHz 


(е 


4,5-2 
|= 651.25 -66 MHz = f,=717.25 or 58525 


|/, + 66| = 519.25 MHz = f,=585.25 ог 45325 
Take f,, =585.25 MHz 


651.209 эа (9—BPrF [A $13, 2$ MHz 
1,069 


4.5-3 
ВРЕ LPF 
input t inpet 
~ o ғ, -w о pw (t$, * бе 
output t ГА. LPF output 
a f, -W 5 ум 


Output is unintelligible because spectrum is reversed, зо low- frequency components 
become high frequencies, and vice versa. 

Output signal can be unscrambled by passing it through a second, identical scrambler 
which again reverses the spectrum. 


4.5-4 
ГРЕ їприї = ( (К, + K,x)coso,r — Кх, sino 4 |соз(® +) 


-(К, +К „х)совф +(К, +К „х)соз 200,1 +0)+K, x, sing -Kx sin(2@,t +0) 
уь@) 7 | K, - K,x (t) |соѕф + К, x (sing 





4.5-5 
From equation for x, (Г) we see that 


1 
а= > will produce standard AM with no distortion at the output. 


a=1 will produce USSB +С 


. maximum distortion from envelope detector. 
a=0 will produce LSSB +С 

4.5-6 

Envelope detector follows the shape of the positive amplitude portions of x, (f). 


СА 
137012 : 
3 % % 


Envelope detector output is proportional to КО) : 


4.5-7 

A square wave, like any other periodic signal, сап be written as а Fourier series of 
harmonically spaced sinusoids. If the square wave has even symmetry and a fundamental 
of f,, it will have terms like a, cos@,t+a,cos@,t+a,cos@t+:::. This will cause 
signals at f.,3f.,5f,... to be shifted to the origin. If f, is large enough, and our desired 
signal can be isolated, our synchronous detector will work fine. Otherwise there may be 
noise or intelligible crosstalk. Note that any phase shift will cause amplitude distortion. 
For any periodic signal in general, as long as the Fourier series has a term at f, and our 
signal can be isolated, this can also serve as our local oscillator signal. 


4.5-8 
Between peaks v(t) = А, [1 + сов2лу/ Je", 4, «г «n 4/ f. 


, 


: Ї 
Maximum negative envelope slope occurs at 1 E and we want 


ал ‚2 
у уы ~ Ае < А, |1+ сов2ту/ ydo = А | I- sin 27 
fa /, Ї 


iode. epe Л opem adu 


1 
We also want т П — for linear decay between peaks. 


[4 


Thus 2xW € КС f. and f,/W 22x x10- 60 
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5.1-1 
РМ ЕМ 
ЖА гт 4, АТ 
тот ^* ғ б P E 
. $ + АЛТ 4, + ААА 
t 
+ 
--І--- 
-Т о т e -Т o Ed s 
5.1-2 
PM FM 
HA 
“ ” afar 
t =. т t 
бА т EINE 
9 A 





5-1 


5.1-4 
f@=at+bt for O«t«T 


Ј(О=а=ј, fM=at+bT=f, = p- 221 


Ө @)= 2л | f(A) ал шин шилж айай: a) 











5.1-5 
Type 90) fO Prax Um 
dx(t) Ж} ка x(t) 
Phase-integral dt © л а? K2nf, fat Kon f, 
PM 4x07) ја О Ыы раф, 
л dt 
FM 2x f, | x(A)dr fit fx " ЇЕК 
t u t K K 
Phase-accel. 2лК| l | хода Хан у, + K | хода a du. 


5.1-6 


x, (t) = А, | соз(В sinc, 7) cose, t —sin (В sinc, )sin o, | 


m 


- A, E (В) соѕо,г+ у 27, (B)cosno ,tcoso,t — Y 27, ( B)sin лю „гіпо, г 


neven n odd 


where cosnO,fcosQ,t = [eos (о, — mo, )t+cos(@, no, )1 | 


sinn, f sino, = [cos (o, -n0,„)t -cos (в, no, )t | 


so x, (t) 2 AJ, (В) с0$01+ } 7, (B)[ соз (в, + п®„)г+ соз (в, — no, )1] 


n even 


+ У 2,(В)[сов(о, + по „)г — cos (о, — no, )t | 


5.1-7 


ее =) ce" with period Т, -2л/0,, 
1 jB sinant = jno,t 1 ХВ sind -nà ) 
$О с.-т-| pU TIME = =f e dA =J, (B) 
Т, T» 2T 


Thus, cos(Bsina,) = Re[e?" ]= re È (дет 


п=—оо 


(cont.) 


5-2 


со 


= y J, (B)cosno,t = J (B) - Y. | Л, (B) +, (В) |соѕло „и 


п=—оо n=l 


sin (В sin о) = ше?! да = In| y J, (B jen 


n--—oo 


= J,(B)sin no, 073 [7 (B)—., (B)]sinno,t 


п=—оо 


But J.,(B)- (-1) J, (B) зо 


2J, neven 0 neven 
Ja + 7, - п -п 
0 nodd 2J, nodd 


Hence, cos(ßsino„t)=Jo(B)+ У; (27, (В) |сов по) 1 


oo 


sin(Bsing,t)= У, | 2/,,(B) |Біп лог 
nodd 
5.1-8 
В =ф,А, for PM, B=A,f,/f,, for FM 
(a) Line spacing remains fixed, while line amplitudes change in the same way since В is 


proportional to A, . 


(b) Line spacing changes in the same way but FM line amplitudes also change while PM 
line amplitudes remain fixed. 

(c) Line spacing changes in the same way but PM line amplitudes also change while FM 
line amplitudes remain fixed. 


5.1-9 
ОЛМА, 


Assuming A, =1 f(t)=30+20cos@,t kHz 
f.-4f,,| = 10 kHz 


5,-(-13) +5[(35-3) +(–58) + 227+ 58°+ 35' + 13° +3 | =4988.5 < 


cos 1 








(0) "Folded" component at 
100° 








5-3 


5.1-10 
= — BS, 
(a) Tta dee n сове) „1 
Assuming А, =1 /(1)-40--40сово,/ kHz 
f,-3f, = 20 kHz and |f,—4f, 


8,235 +<[(-58-13)'+ (22 +3) +58? +35? +13° ud =6441.5 > 
2 


(0) "Folded" components at = 40 kHz 














100° 














5.1-11 
@,t=0 А=94+2х3=10 ф=0 
4“. 4 
«уље EE. + 1,2, 
— 
-24' LN 
w te 174 3 
“ 
қ” 
5 9.4 
2 
o,f л A= 40.4? +(2.4V2) =9.99 ф arctan 24 0547 rad 


0.5 radxsin ^ = 0.356 rad 


(cont.) 


5-4 


„Ет Mh -$ -4 


а 
А За 

















d 2,4 
а 4,9 
ш = А-4(94-6) -(2x2.4) =10.02 à —arctan 2X2 0.499 rad 
2 94-56 
0.5 гайхзп = — 0.5 гай 
51-12 
@,t=0 А=77+2х1.1=9.9 ф-0 
XA OF ч 
t > 174 
ка ЈЕ 
2 
и =" А-үЇ17 -(4.6/2) =10.08 ф arctan шэн = 0.702 гай 
1 гахайг = 0.707 гаа 
И 
u t/z "ы Т 7 
4.4 
74 
ш => А-4(77-22)-(2х44) =10.02 ф=агсїап 2725-2400: 
2 11-22 


1 гафхут = =1 гад 
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5.1-13 
Ар = 0.77А, 


Аш. =/Л7°+.88°А, =1.174, 


324, A 83, 
| 44А, ^ 1.17 Ас 
480 
f 2177 А. 
иж hin — 0, 
, © ~ 
\e— 8 —— оъ 


5.1-14 





о lupo 


Аш = 0.18A, 


А = N-18 +.66? А, = .68А, 
5.1-15 
Want f, plus 3 harmonics = select В =1.0 


Generate FM signal with 24,300 < f, < 243,000 to meet fractional bandwidth 
requirements since В, = 6X 405 = 2,430 Hz. Apply BPF to select carrier plus 


3 sidebands. Use frequency converter at f, = f. — fo. 


F 2 
A, Cosded ose Ge m | (Ғғ BPE % 
et, "0-6 


TUE. М 
Xf) = 


| - M4, 
| "ИА отд, 


Ї Ed, fa &, баш, 
c 
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5.1-16 


Эр 


Tp 
— То 723 5 Тог Тө 
(а) For O«t«T/2 ф(0-2л/,1-0(0)-2л/,/ 
Т 27 
Бог 1<> ф()= 2л f, Без! 


1 го 2 2 1 rn/2 , ши 
2 j2n (B+ ёл! o P ШУ? 


_ sint (В +п)/ 2 (pena | ѕіпл (В — ue (B—n)/2 
n (Bn) n(B-n) 
n-p 





-lor sinc n+ p еле? + sinc QE 
2 Tue 2 
































(b) Bf, - f, e zl LE 24 ДЕ 2| when ВО 1 
ры ТЕ ай h 
z " 7 x 
с 
£f ғ, t tf 
5.2-1 
fa kHz D Eq B,,kHz 
0.1 0.01 5 (0.01+1)(30) = 30.3 
0.5 0.03 5 (0.03+1)(30)= 31 
1 0.07 5 (0.07+1)(30) = 32 
5 0.3 4 (1.8)(30) = 
10 0.67 4 (2.2)(30) = 
50 3.33 6 (3.33+2)(30) ? 160 
100 667 6 (.67+2)(30) ? 260 
500 33 Sor6 (33+1)(30) = 1030 
5.2-2 
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f,kHz р Eq В, kHz 
01 002 5  (002«D(0)- 102 
05 01 5 (0.1+1)(10)= 11 
1 02 5 (0.2+1)(10) = 12 
5 1 4 (2.7)(10) = 27 
10 2 4 (3.8)(10) = 38 
50 0 6 (10+2)(10) = 120 
100 20 506 (20+1)(10) = 210 
500 100 5 (100+1)(10) = 1010 


5.2-3 
W D мо) B, 


(a 2 kHz 5 6 (lower curve) 2? 6? 2224 kHz 
(0) 3.2kHz 31 3.142 (middle curve) 2? 5.1? 3.2? 33 kHz 
(c) 20КН? 0.5 2.5 (upper curve) 2? 2.5? 20=100kHz 


5.2-4 
ЕМ: 


р-48-32-5 B, =2(4+2)5=60 MHz / >10В, =600 MHz 


DSB: 
В, = 2W -10 MHz f. >10B, =100 MHz 


5.2-5 
W=15 f, ,=5x10"“ 


0.01 < "m 0.1 = (001)(5x10") < В, < (0.1) (5 х10") 


[4 


5x10" < B, « 5x10" 
B,«2(D«1W =2(f,+W)=2f, = 25x10" < f, «2.5x10^ 


5.2-6 

For CD: В, = 2(5+ 2)15 = 210 KHz 

For talk show: В, =2(5+2)5=70 kHz 

Since station must broadcast at CD bandwidth, the fraction of the available 


bandwidth used during the talk show is 


B B 
алы = ћи = 10 y 199 33.3% 
Ву un. Вг. р 2 1 0 
5.2-7 


Р=ф,=30/10=3 = B,=2M(3)W ~100 kHz 
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ЕМ РМ 
fa kHz | B B=2M(B)f, В/В,| B=2M(B)f, BIB, 





0.1 300 600х0.1 6096 Ї 196 

1.0 30 62х1.0 62% 10 10% 

5.0 6 14х5.0 70% 50 50% 
5.2-8 


Take х@)= А,соѕо, і, В =ф,„, and B=2(B+1)f, 


Phase-integral modulation Phase-acceleration modulation 


ф(г) —nKA, f, sin 0, - (KA, 127 f )coso,t 
p 21 КА, ў, KA, / 2n f? 
B 2(2л KA, f, + fa) 2(KA,,/ 2л fa + fn) 
































тиіп 
2 КУО 1 у KI2nU f, W 
In both cases, spectral lines are spaced by /, and B increases with А,. However, in 








à ipod 2л КУУП 1 бас K/2n0 f, W 
Р 


"іп 




















phase- integral modulation, tones at f£, [| W occupy much less than В, if 2л KWU 1. 
In phase-acceleration modulation, mid- frequency tones may occupy the most bandwidth 
and will determine В, when K /2n = ў, W. 








5.2-0 
Xp (1) = ден -23 [1+ je]. ф (7) -ф,х() 


МЕР | 


MENO E LS PNE NM 
1+ j20f | f, 2 


Y, (Г) = 
es j2n f 





A [BG 6. X ^] -54, 50060, XC) 


т, 
0 





уђе ТА | № 2 where Х(7) =| езе іі) | хе) 


жі . л f. 
О) = А К “+ № 
Ул efe № 0 





Х(0)| соз + isino 


T v5 
© Х(ђ о, 
О Xx()sin | 





=A, Б 0,1-ф, 





so 0((1) =arctan С M so 
5.2-10 


5-9 





К. 2 
я ;(J2n f ) X, Cf) 
(2n f ) 


Y,,(f) =| Ky - K,f? |X,,(f) = KX4()- 
y, (0) Кох, OFT SK, 0 

where pow and ко-24, [oie + № ей] 
with ф()-2л/,х(), O()= 2л fx (t) 


(07A Rel Ко et MET | 90- ^e цан 








за [^m Ar к ек но 26 -2m /,Х()віп(о, өө] 
so А()=А, [к,-к, 2700] + Е Кој кој | 


5.2-11 
у. (1) = А.сов| юг +ф, (0) | with 9,(/)-ф(/) arg H [f (0] 
fO-f. б = аен | @)]=@,/,„х@) +0, fix (n0 


zs хал 2 


О е = A= f, + fx OQ+ —— x(t) + ——-x yt) 


5.2-12 














H|f]- m = [1+ јахжој , 901 
іні 6] = +оо = 1-50 220), аге H [f (t)]=—arctano x(t) =#—@х(@) 
Thus, y,(f) = A i-e) соз СЕ; $ | x0) аз, гах | 


f, 7 f 26,0 7 f, Т0) 9-50) 
Л, 2л 


5.2-13 


B,~2(D+1W, B,«2(3D-1)W since 30(0) = 27 (3f, ) [x (A) 43 
We want 32-23 fr = 2f,>(D+1)W+(3D+1)W= 4], + 2W 


oon 


hence f, « Doug 


Ин P | “нх ЭЕ: 1-—— 84 €—— 
£ 


È қа 5-5 з 56, 
5.2-14 
пф@)=2л(л/,)| (А) а^ => В, = 200+) 
We want о араа апа зу + еду Pe 
2 2 2 2 
so f,» (BB) =(3D-+1+4D +1) W= 7 f, 2W 


and f, « 12-29 





Vat? 





5.2-15 
тфа) =2л(пј,) | (А) 4А = B, = 2(nD+1)W 


В В В В. 
We want 3f.+— <4f.-— and 4]. + «5f, ——- 
fA Af. and Af 1t 5-2 

80 f. > SB HB) (4D +1+5D+1) W=9 f, +2W 


and f, 4-29 


2 | уран: By „ум 
_f \ cm ~ Р, 


з 308 4p o У 5% 


5.3-1 
Let а =1/ МУ, 0 1 














Є. -1/2 C 1 3 2-2 
c(t) = c, +— (1 +ax) орз x = 
ЈУ, I. 8 
Since |x|<1, we want Зай et Ny > 299 
8 100 2 4 


Then c(t) =c,—cx(t) with 


padci E EE сэн 
©] ЈУ ЈУ, 2 INV, JV, 
с, <. 
150JV, ^^v, 


so ЈА. ad 





Thus, c € 


f. 2« 300 


5.3-2 
f,-150kHz В, = 2( f, +2W) 


001<— <0. => 0017 <2 +40 <0.1f, 


[4 


(0.01x 10 MHz) -(2x150 kHz) 277 (0.1x10 MHz) -(2x150 kHz) 


4 4 
Since W cannot be negative, W «175 kHz 


If =10 MHz 


5.3-3 


i()--A8,0sin0,0.. [6.(Dx(D dt = А, [cos 005 





2 dt = A, sinO, (t) 
t 


d 


Thus, —6,(t) | 0, (1) x(t) 4г--0 (А, sin, (г) = x, (0) 
For FM, we want 0, ()-2л/(0-2л | f. £x @)] 





5.3-4 

The frequency modulation index is proportional to the message amplitude and inversely 
proportional to the message frequency, whereas the phase modulation index is 
proportional to amplitude only. Therefore the output of an FM detector tends to boost 
higher frequencies, resulting in the higher frequencies in the output message signal being 
boosted relative to the original message signal. 
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5.3-5 

Тһе lower frequencies would have much more phase deviation than а PM modulator 
would have given them. Since the output from a PM demodulator is proportional to the 
phase deviation, the lower frequencies in the output message signal would be boosted 
relative to the original message signal. 


5.3-6 


р=ј = Г =РИ=5х15 =75 kHz 





fn 0, | 50 75,000<пх20 = п>3750 
Т 


Since we are using triplers we need и = 3" > 3750 


8 3°=6561 
If the local oscillator is placed at the end, 65817, — fio =915 x10° 
Thus, fo = 6581х (500х 10°) -915x10* = 2.37x10° Hz 


7 787-2187 
Еогт = | therefore m = 8 triplers are needed. 











5.3-7 
4 Spy oy in, се 
20 Hz 
One doubler and 6 triplers yield n = 2x 3° 21458 
Па ен лал 
217 1458 


200 КН2х 1458 = 291.6 МН? >100 MHz 
Use down-converter before last tripler, where 291.6/3 =97.2 MHz 
so fio =97.2–(4.5/3) 295.7 MHz 


fT +174 He $7.2 Miz — y 


Е [тз м? : 
ГА 205 kde (Су 35,1 Mia. 


4.5 мі: 
25 КН». 


5.3-8 


5-13 








Q4 ЈА 
fs 2nT ON 


2nT 
Using doublers only 2! =128> 120 = 7 doublers 


nf, =128х10 kHz = 1.28 MHz 


Since this doesn't exceed 10 MHz, the down converter can be located at any point. 


— Choose to place it after the last doubler. 
0, 

і)- ту, +n 
7.0 = 8, 2nT 


Ў. =, л) = 1MHz-[28x10kHztf,| => Ло=280 kHz 


Ё { 
Al NBE M - 2 х3 хЗүДх2хах2 р ес | ХЕ) 
© оки; Of завокиг 


5.3-9 

фл ; 
а) = | A соѕо t dt = В 4110 t 
( ) T Í m m В т 





x(t) at the end of the last doubler 


NBFM output = А, cosœ, t А,В sino, sino, t = A()cos |o. t +агстап (В sino,) | 
14 cos Q, f 

Tm fa to ло sino, t) | = f, +B f, ——2—— 

| та! (В 1 MU 1+ B^sin^o,t 

cos Ont 


И = cos, t [1-8 2 sin? œt + B^ sin*o,t + | 
1-0 сіп” 0,1 


= С080), 41-49 lero BU 1 


415 рэн, 1+=— (сове 1 +соѕ30, 1) 














Thus, f(t) = f. +B f, M Ын ге cose, 1 
ДЕСЕ t+ P] зөө, | 


(cont.) 
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2 
(b) 3" harmonic distortion -(5 | «9-25 %, Ф, | 72 <1% 


т 


Worst case occurs with A, maximum and f,, minimum, so 


5 Фа ЖЕДІК = Фф 26 
2nT 130 Hz Т 





5.3-10 
УФЕ. Феде 


mroli f, 2 Jo -fax) ! ШЕНІ уућеге «== 


4-41-48 | виа а] | 
ШЕБІ 


so y,(t)=K,f,x(t) where К, =A, —=A, 321, 

















A(t) = A, 





5.3-11 


fO=f.+fx@ and но) 





Let а = ў, / f, so joxf0 1 











|А [f Oll = [1+ (1 ка) | = $ зала y | 


1 1 dx 3 ae 2 
=—=|1--| ах + = | x+ +... 
AVI 2 2 8 2 


= glate) 


/2\ 2 


АА RA 
ds r шон 


so y(t) = -K fx (t) +K, Ра) with K, "ED K, US 








A(t) =A, 





(cont.) 


If x(t)=cosm,f, then => +5008, 


Кој. 12 с 2 
Kf Ka 2K, j 


-100+ < 1% => Л < 0.08 
8f 


с с 


Зо 2™ harmonic distortion = 





5.3-12 
YO = А 1н, ТО -Н4701| /@)=/, + ју) 


КЕДЕ "eec te | 


ХӨГ ма | 
СЕНЕКА 
ree ede] um и] 


so y(t) = A, [s je ЗЕ =) | K,x(t) - Ко (г) 



























































202 — За: “ ) f 4 
where Шинэ апа ЮАН 
b b b 
2 2 
Bi | ОА 1 since Q^ 1 and b<f, 
Оа 
5.4-1 





v(t) = A, [1+ x(t)]cos @,t + А, [1+ х, (0) |соѕ | (o, +0, )t +0, | where АП А, 
A (t) = А. [1+х] A [1 x; | соз (0,1 +ф,) = A, {1+ x(t)+ p [1+ x (] cos (0; +, )} 
Ур (t) = К | x(t) + р cos(o; + 6) + px @сов (01 +0,)| 

x,( will be unintelligible if œ, #0 


A, ve А; С!» 2,1 
СААХ gs 


А, С1+ 7) 











5.4-2 
v(t) = А, coslo t +o 0)] + A соз | (о, +0,)1+$,()] where ф@ =ф,х0)0 1, АП А, 
А sing + А, зїп (©, +4, ) 
A, соѕф + А, cos (0,7 +ф,) 
жф,х(1)-рвіп|ө,1-0,(1)) ^ 6,(0 will be unintelligible if о, #0. 


























Ф,(1) =arctan 


с 


= arctan С + “sin(os +0, ] 





5.4-3 
v(t) = A, [1+ux(t)] соѕо 1 - A, [1+ux( t—1,) ) |соз( @,t-,t,) 


Envelope detection: y,(t)=K »| 4 (1t) — (A (A,«)) | 

1/2 
where А (t) = А, (f+ рх) +а [1+ их (1-0, )|coso,t р + [© 1+их(7—1,) под, || | 
Synchronous detection: у, (f) = К lv q)- (v, (0) | 
where у (г)= АД +их@)+@®]1+их(т—т„) |cosot,} 
Thus, A, (7) always has the same or more distortion than v,(t). Тол, «7 /2 then 
совФ,1, = 0 and у,(7) is distortionless. If œ t; =m then sinœ t, = О and A (t) = у. 


А, Cita z(t] 


a men: сай 
lie 4 б 
А, xA, С) из -5)] 


5.4-4 

Motorized electric appliances generate electromagnetic waves that can interfere with the 
amplitude of the AM signals. FM signals do not suffer in quality when the amplitude of 
the transmitted signal is corrupted. In addition, most FM cordless phones are above the 
frequencies of these interfering signals and other household remote-controlled devices 
such as garage door openers. 
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ААУ 509 


г АРА 





Preemphasis increases the energy above 500 Hz so S, will increase. 
S =Р+2Р, for AM 5, =2Р, for DSB 


P 2 DSB 

but —>— = М 
тах 2х АМ 

16 


Assuming the peak envelope power allowed by the system is Фе same 

for both AM and DSB 

5, 5, Aj, for DSB 

16 4 

Thus, the transmitted power for DSB is increased much more than it is for AM. 


S =Р+2-— А, ЮАМ 8,-2 








5.4-6 
Transmitted power is the same in both cases since it depends only on the carrier 
amplitude. 


Transmitted bandwidth is greater if preemphasis is done prior to transmission since the 

frequency deviation is increased by a factor of W/B,,. However, since speech has very 
little energy at high frequencies, the bandwidth is driven by the higher amplitude lower 

frequencies that are not affected by the preemphasis. 


Preemphasis after transmission will amplify any noise or interference signals along with 
the signal of interest. Therefore preemphasis prior to transmission is less susceptible to 
interference. 


Overall, the greater difference is in susceptibility to interference since B, is not much 


larger with preemphasis before transmission. Therefore preemphasis at the microphone 
end is better than at the receiver end. 
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5.4-7 


зе Jou) В 


22 
Bi. 
G.(f) 


while for |f|>B,,, с. (x: G.(f)<G.,,,, if suspe С 


Тћиз, Гог |f|< В„, С, (7) 





? В 4е 
Since В, is essentially determined by the combination of maximum amplitude 
апа maximum-frequency sinusoidal components in the modulating signal, В, is 
not increased if G, (/)56,.. 


5.4-8 
yp (t) 2a (p.0,1)o, 
where 








Thus, a (1+е,л) + as = 50 


5.4-10 

v(t) = А,совј0 1 +ф (0] - р A, [0, --0, (4) 
sing + р з110, 
cos + p сов0, 


1 (соѕф +p созд, )(ф cos + pO, соѕӨ, ‚)—( (sing + p зтд, (6 sind — рб, sind, ) 
27 (cosh + p cos0, ) + (sind +p sin9,)* 
_ {1+ рсоз[ф@)— Ө00]} 60) / 2л +{р +соѕ[ф (0) -0,0)]}рл. 
1+ p? +2р cosh (0) -6,(0)] 


so ф (1) = arctan 
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Сһар{ег 6 


6.1-1 


c, = sine желе o үү Do escam 


y(t) 21-7 | cos2n20t + cos2130t + о то 
T T 


1% 





230 270 320 + 
C36) 


1 
с, = jsinc 7 — с,=1/2, 26 -2/л, 2c, 20, 2с, --2/3л 


y(t) =1+cos2n30t кердй + 2 665270 





30 40 70 /20 0 /40 /6о 
ы 2) 240 27% 300 


Take f, = f, +W +=. Amplifier then passes х (7) since f, > f, -W and f, + B >> у. 
Second chopper with synchronization yields Kx, (t)s(t) = Кх(1)5:(1) = Kx(t) since s^ (f) =1. 
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6.1-3 continued 







Y чив e вэ» оз» «ж мес (эж | oco ғ 
1X, (Е) Р Q Ampli беу 
i УЕ t1ponre 





T s 1 . mn 1.22 2 
с„=-5шс— = —sin— => s(f)- —+—со80,1! —— C0830) +... 
zn 2 227 3л i 


1.22 2 12 2 
х (f) = x, (t) +| — +—сов 0,1 — — сов30 1 +... |+ x, (f)! ——— cos @,t +—cos3@,t +... 
| 2 т |. 2n | 2 т "03 | 


Since LPF rejects |/|>99 kHz and 3f, -W =3 x 38 - 15 = 99 kHz, 


2K, 0) 
t) - х, (0) |+ Acos 1 





К, 
х40-- pu + ж(0] + 
so we want K, =2 and К, -л/2 
6.1-5 


l. n 1. mn 1 2 2 
с„=—5шс— = —sin— => 5(1)= — + —С050),7 — —C08s30) +... 
2 2 zn 2 2 т © 8n | 


xp НЫ @)+ x, (|+ 5 X 21, @)— х„@)] + high-frequency terms 
T 


x (t)= sl (t) + х (0] +5 X E р (© — х„@)]+ high-frequency terms 
Tt 
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6.1-5 continued 


11 1 1 1 1 1l 

(a) ме Р: ЕМӨ| A) ripe 
1 1 1 1 1 1 1 

«o БЭР | А “ЕХЭ өн 


we want Кыл -K ЖЕ =0 э» К- -2 0222 
2 т 2 т T+2 


а nle ји 





so lowpass filtering yields v, (f) = 0.778х, (1), v,(t) = 0.778x, (t) 


(b) If K = 0, then lowpass filtering yields 
v, (0) = 0.818x, (t)  0.182x, (8, v,(f) 20.182x, (В) + 0.818x, (t) 


So there's incomplete separation of left and right channels at output. 


6.1-6 


Let v(t) = s;(t) = у cm) with period 7, = 1/ f, so 
k 
Т, /2 1,12 


сау) == | sare f, | во =), 


$ -Т,/2 -T, 12 


Thus 5,(/)-У(/) =У FSF -nf ) =f, Y, 8f -nf,) 
6.1-7 


f, = ©0kHz Recover using LPF 25 < В < 35 kHz 
f, = 45 kHz Can't recover by filtering 


Ў, = 25 kHz Recover using BPF over f, € ІН < 25 kHz with 10 < f, < 15 kHz 





540 kiz | 
Гог © 5 25 35 4 Св kr. 
іс 4t biz к | „4 
GM 1 + 
= -т 5 Я 5 ir JO 47 biz 
ын л AN 
М. Ч * t dq да : 
-2р - 6 © iy а Jr 40 ~ 55 Ий 
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6.1-8 


f 1 
E ln 3229 
(a) ET. Gf, /W) 





ғ. 4 ^ ^ 4 Ёс ж 
-2.г ef o / 55 25 5 Б/м 
~ A к А 
! ! рж 1 
-25 -/3 о 45 2.5 4 55 65 Ам 


x(kT,) = sinc^ 5(0.1k) = sinc? 0.5k 
since зтс? 0.560 1 for ІҢ >2, 


y(t) = 0.405 ѕіпс10(7 + 0.1) + sinc10t + 0.405sinc10(¢ -0.1) = sinc’ 5t 
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6.1-9 continued 























/ 
8 я 
— 0.2. E 5 
6.1-10 
1, KT,|X1 
x(kT,) = П Е | 
| 2 0, |КТ|>1 
1 эг Ї Ї 
Take К = — апат, =0 so y(t)= у sinc /,(1-КТ, ) where —-1<М <— 
/, k--M T, T, 
T. =0.8 
Ма! 
È 
6.1-11 


(а) AG) =u) -ult -T,) 
y(t) = h(i) * х, (t) = у x(kT; Mut КТ) -ut — kT, -T,)] 
k 
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6.1-11 continued 




















-wo w t-w +, T3 d 
IH Cf)|- T, |sinc jT, | 
sinceW п /,, |YCf)| » T|X] for |f| zw 








so x() can be recovered using a simple LPF to remove |f|> f, -W 
6.1-12 


(a) Let h,(t)= impulse response of a ZOH = u(t) — u(t — T,) 


Then A(t) = =, (t) * А. (t) - h (t) - h. (t- T,) 


5 


1 1-Т, 
where —h (O) * h (t) = ^ 
p^ tho 5 | 





y(t) is а linear piecewise approximation obtained by extrapolating forward from the 
two previoius values. 
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6.1-12 continued 





(b) Let H,(f) = S[h, (t)] 2 Твіпс fT,e "^^? 
нг) = Hi) HG) B, (fe ** 


SiT дад -joT, i joT, 12 _ „-]®Т, ) ,,-jor, 
= T sinc“ Ге +T sinc fT, (е е је 





sinc 


5 


=Т | | a jin a, Jine fro 


= T, (1+ j2nfT, )ѕіпс? fT,e ^^^ 


ІР = T. + (72177, )'sinc? fr. 


Note that high frequency components of X(f) are accentuated. 
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6.1-13 


хр = XE, "Ju Эз [руп Jem 

E= | xoxo -Í I 7" | En n 
БЕНЕН 
= У з [оу peoo 








2 
у 7- since sinc(m- К) = 
д дүү О т=К 
6.1-14 


v= Усе” = ViN=Y сар) лу) 


п=—осо п=—оо 


where 
Tp 12 
1 ae 1 ny, int 
с,(1,)-2- | уфе” = | xe "tar = 1 г | x(re "dt = f, X (nf,) 
T, -T/2 T, -T эн 


But x(t) = w0)IIG/27) = X(f)-V(f)*Q(QT sinc 25 SO 


XCf) “| Блхолжи -nf ar sinc 217) 


= оту, Y, X(nfy) sinc 27(f -n fy) 


п=—оо 


Hence, X (f) is completely determined by the sample values of X (nf, ). 


6.1-15 


B-f,!l2 => f,<2B=12 MHz 

f, = 11, 212.5 MHz 1-0oa-/,/f,-0.96 = a= 0.04 
2т+1 <1/a=25 => m,,, =11 

Presampling bandwidth < 11 x 12.5 = 137.5 MHz 


6-8 


6.1-16 


В=],/2 = /,52В 
l-a-f,/f, € 2BT, «2/3 = о=1/3 
2m+1 < Ша <3 > m,,-0 


so only the dc component could be displayed 


6.1-17 


W =15 kHz, / = 150kHz 


with 
and |Н (f )| = Т, Л + OTT ) sinc? (Т) 


[Ион Cf )| = 
(a) For a ZOH, the maximum aperature error in the signal passband occurs at 
f «15 kHzand thus: 








T, sinc(fT. ) 


[Hos О] uy = 0.9836 and |Н, СУ, 71 


f=0 kHz 
= 90 aperatureerror = M x 100%=1.640% 


(b) For a FOH, the maximum aperature error in the signal passband occurs at 
f «15 kHzand thus: 


|H кон СР asas, = 1.1427 and IH сон P| он, =! 


= 90 aperatureerror = a х 100%- - 14.27% 
6.1-18 
W =15 kHz, f,= 150kHz, Error% кы. x 100% and В = у 
VET f, /BY 
= f, = 150-15-135 kHz, = Error% seU x 100% = 15.61% 


\Л + 135/15)? 
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6.1-19 


If x(t) is a sinusoid with period 27, with its zero crossings occuring at t = Т, апа 
the sampling function has period T, = 25. It is possible for the sampler to sample x(t) at t = T}. 


Therefore, the output of the sampler is always = 0. 


6.1-20 
(a) sinc(1007) = sinc(2 x 501) = EM UE — tosample, f, 2100 
100 100 id 
| А 1 / 
b) віпс?(100ғ) = sinc? (2 х 507) &» —— A(——) => to sample, f. > 200 
(b) (100г) ( ) 100 Ч ple, f, 


(c) 10со$ 2nx10?t = —(3e0s2mx10°r+ сов2лх3х107) 


Its bandwidth = (3 -1) x 10 22x 10 Hz => f, > 4х 10° Hz. 
6.1-21 


At f =159 kHz the signal level is down -3 dB and we want aliased components down -40 dB. 
= at f=159 kHz, aliased components should be down -43 dB = 5 x 10°. 


1 1 
H(f)--—— > 5 x 10? 2 —— => f = 3172 MHz. 
POP TTE diccns 
6.2-1 
сай denda d. 
P(f) = тѕпсўт = p He 27 
Н „(Р = 5 d for |f| <w 


sinc f /2/,) sinc (f/5fW) 
H, : (0) =К, H, 2 (W)=1.07K, so equalization is not essential 
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6.2-2 


т/2 
Р(ј) =2 Í cos cos2nft dt 
T 
0 


= imn) incre] -Э 25 шт | 
2 2 2 4 ЭР 2f. 


На(У)= Ка SE) СЕ3) for |f|<W 


H,,(0) 20.785K, H,,(W)=0.816K зо equalization is not essential. 





(a) Let x(t) =} j х(Ааћ = x(t) *h(t) where 


h(t) - | 60943 щит) > H(f)=sine ft e 1872 


Averaging filter X(f) X(f) X, (7) 
X(f) > H(f)-sincfze “2 —› Idealsampler — Р(/) > 
X, (f) = PAX) 
where X;(f) e f X (f -nf) = fH -nfOX (f - nf.) 


(b) X, (£F) = PCOf,H COXC() Тог || 7, where Р(/) = tsine ft 
Thus, H,, (f) = Ke "^7? [sinc ft, |f| SW 


6.2-4 


(a) Let v(t) = А [1+их0)] © УС) = А |0) +Ых (7)] 
x, (© = у у(КТ,)р@—КТ,) = p(t) * v5 (0) 


Хх, (f= PU Mf) = АЈ, RI IG -nt yea м] 


EN mE МЕ / 
(b) Р(Х) = тіпсўт = 2f sinc 2f 


uXCf) = [g = ЫЛ 








WI шил as сіне 94, 


"€ а, LI £ 
“ч, „н ае Ар, 





-fn о + 5 zf, 74 


(а) Р(/)-т sinc f «(e "^? - LEN = sinc ft(—2j sinaft) = p. sinc? - 
ҮЯТ) 






-w о w f; 25 34, 4, 


jm sinc? 4 ух (f) for [/| < 


8 f, 4f, 


Ke °ч 
E Е = =. < <W 
—jf sinc? (f /4f,) Л И 


If f, —0 Шеп 





(b) X, (f) = -А 


HA 





Н,, (0) — о and equalization is not possible. 


6.2-6 
Тһе spectrum of а PAM signal is like that of the chopper sampled signal of Fig. 6.1-4 
апа can be written as X, (f) -c,XCf)t c[XCÉ — f) - XCf +/,„1+ 


With product detection => x,(f) x сов2лјг giving a frequency domain expression of 


E о. je 2050) 


xke аруз 2097 f- f)+2 ОО. XFER) 


Combining terms and using a LPF the output spectra from the product detector gives 


с С 
> 0 ХО ах) 
6.3-1 
Т, 1 
Таш = —(1- 0.8) = > t, < 
5 257. 1007. 
so B, 21/2, > 50/, = 400 kHz 





6.3-2 


Twin =%-0.8)>3/, and /,>1/28, = 02т, >3/28, => т, >15 ys 


min 


Tmax =Т101+0.8)<7/3 => т, & UE: ar = 23.1 us 


Thus, 15 <7, € 23.1 us 


6.3-3 


(a) т, = O.4T, [roses | 
(b) t, =T, ши [5 
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6.3-3 continued 


0 GTZ | 1.14 2 2.24 т 7,5: “Ч, 
с 43 0,9 1,416 24 Lb 3734 E/T, 
6.3-4 


(a) т, = 0.4Т | ШЕН 


(b) t, =T, L + 0.5 + 0.2cos [5] 
¥, it) | 


о оп L% 1444 3308 7346 5 nse 2/7, 


t. Т, [ико + 0,2 аг («Е/:)) 
„н 


O 2704 /648 2426 1331 44 4.6 sirg 2/1; 


6.3-5 














Take t, 1 T, so that |rx(t)| <1. Apply -x(r) to PPM generator to get 
xe at + У 2соѕ [nor 222 


where A(t) = Af, [1+Х@)] > 0 
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6.3-5 continued 





























— х(ђ х„@ ВРЕ v(t) 
э PPM > һ-ту, > шт — BPF э x(t) 
fo EZ mf, 
First BPF yields v(t) = 2A cos [6.1 + ф,„х(ї)] 
Т 
with f, =mf,, ф, =2лт/ t0 л ifm 58 
0 


Limiter and second BPF give x, (1) = A, cos[@,t + 0,x(1)] 

6.3-6 

(а) sO=S"[SM]=f yer" and s(() = У X- КТ,) 
п k 


Thus, > ер У; ó(t — kL) where L =1/ f, =T, 
К--со 


П--со 


(ы 5,07)= S[s(O] 2 3,6 ?"7^ and S= У (7-и) 


Thus, y QU UE py 5(f —nL) where L = Т, = f, 


= п-- 


6.3-7 


Ә(Й-у => 1-6 (у) and А=>= (0) 
g(t) zm ЕЭ Лэе 807 = Ге ЕЕГ 
а a ај: 0)| 
2 ӛ(у) 
Е У 
v-g (а) 8 (5 07 | 
If #0) > 0, then g(b) >0> g(a) so 
UD бу) 1 1 
=o = ЧЕ | MA 
о 8[8' |] 8[8'0)] #0) 


b 
Thus, | d[g(t)ldt = 


6.3-7 continued 


If g(A) < 0, then g(b) < 0< g(a) so 
g(b) g(a) 
| б(у) PD ó(v) P 1 


по 81270) | | wgl 8) | ЕГІ 








І tol 
= —— = |—— ôt -À)d 
|804 К шан 


so & g(t)] =8(t-A)/|g@) 


b 
Hence [ё g(t)] dt 


git) а (à) »0 






Сһар{ег 7 


7.1-1 


fi=f.t+2he 2160047 kHz = f, 2(1605—540)/2 = 532.5 kHz 


fio = f. + fp =1072.5 to 2132.5 kHz, B, =10kHz<B,, < 21, = 1065 kHz 
7222 


f ES. <88,100 -22 kHz = f, 2 (107.9-87.975)/2 29.9625 MHz 


fio = f. — Fp = 78.1375 to 97.9375 MHz, В, = 250 kHz < Bẹ < 2/, = 19.925 kHz 
14-3 

С=1/4 2142 = 2.533 x 10*/ f? 

fa =f + ју 2995-2055 kHz = С -6.0 - 25.6 nF 

fo =f. -fp =85-1145 kHz => C = 19.3 - 3,506 nF 


7.1-4 


f.=1/2mJLC => С=1/4т°1/* = 9.9 - 86.9 nF 





L В, 2л/1СВ 2лВ,-С 
ie eet = 
27 x 10 kHz x 9.9 nF 

1 


ВБ Валео 
жк > 271 2л x 910 kHz x 86.9 nF 


В >B, > К = 1.6 КО, 


7.1-5 


fır = В, 10.02 = 200 kHz since В, =W 

То = f. + fy =3.77 - 3.83 MHz, f. = fiot fir = 3.97 - 4.03 MHz 
Take В,; = 0.02 x 3.6 MHz = 72 kHz centered at 3.6 MHz 

IF must pass fp -W< f € fir 
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7.1-5 continued 


ғ 


Нов] 72 кн, 
24 кн» => + м 19 


$, МН. 
L6 85 247 
ІН | Хэн 
* Ена 
7.1-6 


fır = Ву 10.02 = 300 kHz since В, = УУ 


fio = f. + fy =7.34 - 746 MHz, f, = fio + fir = 7.54 - 7.66 MHz 
Таке В. = 0.02 х 7.2 MHz = 144 kHz centered at 7.2 MHz 
IF must pass fp € f € fip +W 


Нер | 144 kit 
“- 126 ЕЛр => УЖА 


-W 2744 7і 7% 7.24 


Жа 


“үхэх а 


м" м. Р 


T. = From 


7-2 


7.1-8 


A tot [aute 61 са ӛте 






Ч, = Kp Фат 
Ais саг а %,-9Ө,-2л7, 
Ж есу 


0, =0,1+ф—0 where ф-2л/,х(), Ө=2л[/. – f, + kv(r) - e)] 
Ко. 
Ур =22(8.- 2nf,.) =K, | + faxo fet №- Kv-£- f, | 
= K, [fix() - Kv(t) —є(@)] 
so v(t) = К,|-Кү(1)-е(4)| 
Thus, у(і)--К,е()/(1-К,К) 
-K Kelt) 


1 
апа yp(t) = Ky fot) 80 cup) = К, о-о 





“К./,хі) if K,KU 1 











7.1-9 

(a) With f, = 50 — 54 MHz and fp = 455 kHz => До = 50.455 — 54.455 MHz. 
= f. = f, *2f, =50.910 —› 54.910 MHz. 

(b) With f. = 50 — 54 MHz and fp -7 MHz > f,, = 57 — 61 MHz. 


= f = f, + 2 јр = 64— 68 MHz. 


7.1-10 


If W = signal bandwidth, then the incomming signal 15 50+W — 54 + У MHz. 
With f, 2100 MHz, to avoid sideband reversal use f, = 150 — 154 MHz. 
At the product detector stage, use an oscillator frequency of 100 MHz. 


The image frequency is f. = f, +2f,p and its range is thus 250 — 254 MHz. 
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7.1-11 


Image frequency =f. = f, +2f,p 2242 х 455 = 2.91 kHz. 


1 
For a BPF with center frequency of f, =]. => [Н (f ) ш 
Хо P 


and О = f,/B. We use the BPF to reject images and thus we have 


|HCf)| Чә = арава 20102(0.3123) --10 dB. 


f -2.9 MHz 
1+4? 22 2: rt 
2 2.91 


Images аге rejected by -10 dB. 
7.1-12 


(a) With f,, = 2.455 MHz and f, = 455 KHz, then f, = 2 MHz, and f, = 2.910 MHz (image). 
With Ло = 2.455 x 2 = 4.910 MHz => Input frequencies accepted are: 
f. = 4.210-0.455 = 4.455 MHz, and f, = 4.455 + 2x 0.455=5.365 MHz. 
Given the RCL BPF with B= 0.5 MHz ->О-2/0.5-4 
1 


Eee азай: = = 03123 => 2000203123) =-104В 


144 ----1-) 
2 291) 
We repeat the above calculation for the spurious frequencies of 4.455 апа 5.360 MHz. 
But because the LO oscillator harmonic is 1/2 that of the fundamental we multiply the result 


by 1/2. Hence, 


1 
Inf) eus um RM 0.139 x 1/2 = 0.070 => 2010g(0.070) = - 23.1 dB 
144? M 
4.455 
and 
1 
IH Cf)| "a =” 0.108 х 1/2=0.054 = 20log(0.054) --25.4 dB 
ы (2 -—_.’ 
2 5.365 
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7.1-12 continued 


(b) To reduce spurious inputs: (1) use a more selective BPF, (2) Use filter to reject the 


LO second harmonic, (3) use a higher f,p. 
7.1-13 


If f. -50->51 MHz and f -7->8 MHz. 


We could choose a fixed frequency output LO with f, = 43 MHz. 
(a) With f. = 50 MHz and f, = 7 MHz, and /, „=43 MHz, the image frequency is 


fa = fa —2% fin =50-2х7=36 MHz 


But, the original 7 MHz receiver also suffers from images, so if the incomming signal is 
supposed to be 7.0 MHz, it could also be 7 + 2 x 0.455 = 7.910 MHz > Jis = 7.910 MHz. 
= Л, = 43 + 7.910 = 50.910 MHz will also Бе heard. 


(0) Use а more selective ВРЕ at the output of the first mixer and/or at the input of the 7 MHz 


receiver. 


7.1-14 


With f, = 50 > 54 MHz, let's use f, = f; = 52 MHz. Assume f,, = f. + fir 
(a) With f, = 20 MHz => f,, = 72 MHz and = f, = 52 + 2 x 20 292 MHz. 
О-/,/В- 52/4 = 13 

1 


Е а 
1-132 24: 2: 
| 52 92 


(b) With ў, 2100 MHz => f,, 2152 MHz and = f, = 52 +2 x 100 2252 MHz. 


= 0.064 = 20102(0.064) --23.9 АВ 


1 
|H(f)| pasm = SS 0.017 => 201og(0.017) =-35.6 dB 
ЇЕ 
52 252 
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7.1-15 


Given f, =850 MHz and f, = 1950 MHz, let's pick a common 500 MHz IF => Л, = 500 MHz. 
For f, = 850 MHz, select fg = Л. +/+ => fio 1350 MHz 

and 

for f. 21950 MHz, select fio = f. — Ле > Ло =1450 MHz. 

= fio = 1350 — 1450 MHz. 


Image frequencies: 
f. =850 MHz = f. = 850 + 2 х 500 = 1850 MHz 


and 


f, =1950 MHz = f. =1950 - 2 x 500 = 950 MHz. 
7.1-16 


В, = №, f, = № 10.02 = 1 MHz 
From Exercise 7.1-2, /, = 9.5}, = 38 MHz so B, = 0.02 x 38 = 760 kHz 
Ло, = f. t fp; =42 MHz, Ло, Ла, fi, =37 or 39 MHz 


7.1-17 


Ло = Л. + fir, =330 MHz > f. = 330 +30 = 360 MHz 
Ло, = Је + fir, =33 MHz, во image frequency at input of 2nd mixer is 


fio, + fir, =36 MHz produced by 
y: Е Ло, 








-36 MHz = / = 294 and 366 MHz 
7.1-18 


Ло = fe- Ја = 270 MHz = f. = 270 -30 = 240 MHz 

f 10; = i т / в = 27 MHz, зо image frequency at input of 2nd mixer is 
Ло, 7 Лк = 24 MHz produced by 

fl- fig|=24MHz = /, =246 and 294 MHz 





7-6 


7.1-19 


1/Т, = 20 Hz, sotake В < 20 Hz to resolve lines 
Tos E 200 Hz 


=0, /,-10/Т, = 200 Hz, Т> 
^ fa | В? (20 Hz) 


=0.5 зес 


7.1-20 


Take В < f, = 1 kHz (о resolve lines, 0-5 => 8 pairs of sideband lines. 
f, =f. -8f,, =92 kHz, f, = f. +8f,, = 108 kHz 


ры ОНА 16 


3 oes ms 
B (1 kHz) 


71-21 
ћу, (1) = cost” cos Q1 -sin of ° sin@,t so 


| (іа 
һ„@)= 5 (cos от? + још") = 5227 


Ху (f) = v() cos at^ cos 0,1 — | -vð sing г |sin © 50 


2 1 2 . : 2]. 1 - jot? 

x, (0 = 7 [v0 cosor - jv()sinat ]=5%0е 
1 -002 юа-^ 2 Ї jat? f -)200. 

»@ =, = | каје“ е dh =e! (воде? а), 


—oo 


оо 








А,@) = |» (г) = [ооа = у) Баг 
7.2-1 
NN ^N N N 
5 4 B шы is ЁО КНЕ қазық 
ч) 





0 Б-15 к FL кісен 


7-7 


Ё 
2 14 кт 4 £r khz 


А р тү Subcerner £j gals 
УТАГАММТ, ҚХХУАР272-, 
= Га at ~~, -fy б 5, ын £e Ж. 

Xf АЈ 7» 7 oou) 






SSB 


* 





7.2-4 
We want |H (Р) |< 0.1 for |f — |> +в, 


W/2+B, 1 
50 “52943 In(1/0.1) = 1.26 = В, 20.76W 


Thus, В, =10W+ 9B, 217W 
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7.2-4 continued 


Х,(8) 
. Bg з, 
> р--4 
+ 
&£e"A + 4,5 Wiz 
7225 


Let f, =i" subcarrier, take В - 3 kHz 


"AA 


% "ue 


Ё 
fit 4 wiz 
МЕ Lr kiz uA кна 


В 
fy = f, - 02 kHz - == -17КНх 
We want |Н(/) < 0.01 for |f- f,| 2 B/2 + 1 kHz = 2.5 kHz 


2n 
dius or Зе 
3 2155/3) 





7.2-6 


=з S73. 75 
| F 
ғ, APT 
(а) B,  2M( DW, 22aM (D)f,. f, * B/2* B, =f. B, 


0+ «M (D)] f; + B, 
1—aM (D) 


12 


+1 


Thus Ди = 
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7.2-6 continued 


(b) aM (D) -ŽB f =02 = f,,=(12f, +400)/0.8 
so f, = 3.5 kHz, f, 25.75 kHz, f, = 9.125 kHz 


7.2-7 


х @ = х, (дсоѕо t+ х, (дсов (0,1 + 90°) taking A, =1 
2х,(фсо8(0,(--)-3()| совф %сов(2,1--)) | 

+х,(@)| соз(ф + 90°) +сов(20, + ф +907) | 
2х, ()cos(@,t + ф + 90°) = x (r)| соз(ф + 90") + cos(2%,t + ф +180°) | 

+x (H| совф cosa, t ф +180°) | 

Thus, LPF outputs аге 
(В = Кх Ocosd Fx, @sing | 
у,()-К | Fx (дѕіпф *x,QcosQ | 


7.2-8 


x, +x, =2(L,+L,) 
Wewant ^ | | => х)()-1,41,-(К,-К,) 
Xy — X, =2(R, + Rp) 


Take x (0) = І. — L, - К. +R, so that 


Xy tX +X = ЗГЕ РК Кк Xy tx +0 +% = 41, 
Xy t% = Le +3Lk— Rr AR, K+ — = HAL, 
Xy—Xp +% Д Г SR, FR, жм-х —% tx, =4R, 
Х%-Х-Хт--і, +L, +R, “ЗЕ, Xy —X, +х, —x, =4R, 





€ соме. / 


7-10 


7.2-8 continued 


т 3, Matru P 2, 
ДРЕ tf 
BPE Et у, > Lg 
7, 25-56 kHz fo! _ Re 
(х) à Ra 
5PF Dui „Г 
61-91 bie. 


[e 
Filet Fur. Steras 
х2, 


+ 


© 


7.2-9 


S [x, @51п @,t] =-[х,/-/д-Х,у +f.)] зо 


А 
ХЕ 21Х:/0-704 X + fF ЈА), (7+ ff) 
YDH PXS) 


8[у,@совз шг] - [H.C - fox d - DERELI] 





A He 0 Ори 22/09 XAF ja, CP 2f) € IXA] 


+A (f+ FIX P+ X +26) F JX (0 € X, GO 22] 
The output of the lower LPF is 


A 
Y (7) = pf јоне +f At AG - £2 -Hef +f ОК) 


To remove cross talk from Х,(/), we must have H.( f — f.) - Hc(f + f.) = 0 for |/|«w 








Ба A =^е[не(/- SAXA) so Y H (0 = KX, (e 


4K | А, 
Hooper) 


—JOot, 


where the equalizer has H,,( f) = 
7.2-10 


T, 
r =(24+4+1) x 8 kHz = 200 kHz, t= 0.5 ——— = 2.5 us, В, >- = 200 kHz 
24--1 21 


7.2-11 





Т 
r =(24 +1) x 6 kHz = 150 kHz, т-0.3-----2 us, B, > = = 250 kHz 
24+1 25 


7.2-12 


f,=2W+ В, = 10 kHz 


5 


Т 
(а) та 1.25 us ->В,>1/т = 800 kHz 


(b) B, = B, = x 20 f, = 100 kHz 


72-13 
f, = 27 +В, = 5 kHz 


(а) t= 021 = 4us => B, >1/т = 250 kHz 


(b) B, = E 10 f. =25kHz, р-/,/В,-3, B, = 2(3+2)В, = 250 kHz 


7.2-14 
Sampling rate (KHz) Minimum Actual 
16 2x8 
7 8 
4 4 
3.6 4 
3 4 
2.4 4 





7.2-15 


Sampling rate (KHz) Minimum Actual 
24 3x8 
8 
2 
1.6 
1.6 
1.0 
0.6 


& 
2 
2 
2 
1 
1 








$, = 1 КН 
— М == 


+4 





FDM - SSB: B, > у У, =19.5 kHz 


7.2-16 
Sampling rate (kHz) 


Sampling rate (kHz) Minimum Actual 


24 3x8 
7 8 

4 4 

1 1 

0.8 1 

0.6 1 

0.4 0.5 
0.2 0.5 
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7.2-16 continued 





i 5 С1о2К 
74 т 2 48 kHz. 
FDM - SSB: B, >} УУ, =19 kHz 


7.2-17 


—54.5 ВТ, < A40 = Т, 20.734/B 
Т 0.734 0.2 











--Т,-2 412 +310, b =tT=——— =l us 
Mm eo К 25 х 8 kHz 4 
ы АН Е) us = B2367 kHz 

B Mf, 
7.2-18 


-54.5BT, <-30 = Т, >0.55/В 

















2 -T, +2t,+T=T,+ 3x oa; E) ME 
B 4M 
T, 
Thus, ШЕЛІ ЭР > М < : В nga > М=28 
АМ В 4 x 0.55 f. 
7.2-19 
57 <<. Тээр) Т - 
1 
1 = 
«—мА —— ye arf, 
t t 
firal: Negative tail decays slowly and J.t 1: Little cross talk but 
may produce cross talk over several pulse slots. pulse shape is unacceptable. 
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7.3-1 











(а) зе we get | 
£u ar ht - 4r) 760) еее “222% 
r | ii 
548) H $, = = /£2? гу ene? 
(b) 
фу 45° 135° 180° 225° 315° 
УГА -6/8 -2/8 0 2/8 6/8 
7.3-2 
similarly, we get 
„е JU 1844-4809) riti | pu itr sit) 8, 212° 
= ғ 
лет Жы 5 : e| ! 
E | 
pos : ий, f, s/o" esis ў, = ise 
(b) 
ф, 45° 135° 180° 225° 315° 
у/А 2% 0 -4/8 -2/8 2/8 
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7.3-3 


1<0, ғ, =Af/K 








і>0, ф-2л/; and 














1 so assume В 1 апа $115 = € 








Af * fi 
K 


Thus, &-2nKe -2n(Af - fj) = trial solution == A+ Ве" 
Then Bse” + 2nKA + 2nKBe" —2n(Af + f.) 


. де ЈЕ 
о = 





К 
(s - 2nK)Be" =0 а 
and e(t) = NL ера gos 
Since e(t) can make a step change att = 0, 
(09- шэн ЛЕ САТ UI 
К К 
Непсе, 
х 1<0 
6(1) = 
Af pelt LS eo) t> 0 
K ығ? 
€ Ct) 
AC 
к 
o zr К 
7.3-4 


x(t) = 24, | ха) cose,t — x, (f)sino,t| where x, (t)=+%(t) for SSB 


=А(г)сов [0,1 +ф0)] 


| _1 5 Е z x, (t) 
with A(t) 5 Ne (f) - x, (t), $) = arctan x 


If loop locks to p(t) and є, ~ 0, then the output is proportional to A(t). 





Otherwise, ф(7), may be too rapid for loop to lock. 


7-16 


7.3-5 


cos0,(f) x соз(о - 0) = оо (0, (t)-(@,t+0, )] + high frequency term 
Thus, cos[0, (t) - (&,t + ф,)] = сов (00,1 +) +90° – 2. ) 

so с0$0, (7) = соз | (о, + 0,)t +ф, +, +90° – es | 

7.3-6 


cos[0, (0 / n] = cos(@,t + ф, + 90° —є „) 


so с0$6, (7) = cos(n@,t + пф, + п90° – пе.) 
7.3-7 


Let subcarrier be сов(0),,14-0,,) so pilot signal is сов|(ө,1--ф,)/2| 
and output of PLL doubler will be cos $, (7) = cos [Xot 4-0,)/2-2х 90° | 


А+ 
Еј Matrix x, 


ы чай... не --» Уе 











- tos (uy tt ф, ETE NE и.) 
Stered I»dicafor musi be here vince VCO wyll 
ын fvse - if Jot is received, 
indizater TrY#é-" un i no pi'o L 


7.3-8 


196 =т, khz 29р э, 9, ја. 


160 kA. 
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7.3-9 


Ло = f. fy; = 98.8 to 118.6 MHz in steps of 0.2 MHz = 120.0 MHz + 600 
120.0 - 98.8 = 106 x 0.2 MHz, 120.0 - 118.6 = 7 x 0.2 MHz 







fuo 
fa 120 МВ» 


120,0 MHz 


7.3-10 


Ло = №. fy = 955 to 2055 kHz in steps of 10 kHz = 2 x 2105 kHz + 421 
2105 - 955 = 115 x 10 kHz, 2105 - 2055 = 5 x 10 kHz 








du = 2/05 khz 
$0 № 155 kirg 
2105 kHz 








me $ à. JC 
7.3-11 
Z(f)=——¥(f) and Ф(/)=ф,Х(/) for PM, so 
j2nf 
Z 1 1 {KH KH 
P HUP , __ф ӘЛЕК ЖТ 


X(f) Јл K, jf -KH(f) ^. 2nK, jf +KH(f) ?лК, 


7.4-1 


(a) The frame should have an odd number of lines so that each field has a half-line to 


fill the small wedge at the top and bottom of the raster. 
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7.4-1 continued 


(5) А linear sweep (sawtooth or triangular) is needed to give the same exposure time 
to each horizontal element. A triangular sweep would result in excessive retrace time, 


equal to the line time. 
7.4-2 


(a) No vertical dependence. Video signal is rectangular pulse train with 
т-(Н /4)/5, =1/4f, and T, = 21. 
Thus, f, 527, 


c(nf,) = Ksinc 5 


кі | 
n 


o && 48, а 
0 [+ н 
+ 1-7 


LLL 


(b) No horizontal dependence. Video signal is rectangular pulse train with 
t=(V/4)/s, =1/4f, and T, = 21. 
Thus, f, = 2 f, 


c(nf,) = Ksinc - 











Same spectrum ав (а) with f, replaced by f, || /,, so much smaller bandwidth. 
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H aH H aH V ВУ V pv 
1 <h<—+ Я <у<— + 
I(h,v) = 2 2 2 2 2.2 2 2 
0 otherwise 
(1-о)Н /2 (4 pv/2 
ex = l естен аһ | e "V dy 
HV (1-о)Н/2 (1-B)V /2 
2 1 e ime 20 арна Qum e |"? - ei? Qum 
НУ \ -/2лт/Н — jànn/V 
Thus, |c,,,|= шлш ор sinc то, sinc пр 
лт лп 
1 т п п 
Ы) (с, |=—($1пс sinc : = тј, +пј, =|т+— 
ая! 
i De $32/; 
х 
аза АЛДЕ сга г 
of, 45 5% 38, ' 
7.4-4 


5, 5:03 230, 3 5 Lx 225,921 
В = 0.35 x 1 x 230/100 us = 805 kHz 


7.4-5 
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п, = 0.7 (1125- N,) є 787, п, = 5/3 х 787° = 1.03 x 10° 


EE 860 99.6 Ыы т о == 077 МНЯ 
1125 3 (1-0.2)29.6 us 


7.4-6 





п,- 0.7 (625-48)-404, п,- 4/3х 4047 = 2.18 x 10° 


12 че —M из, В= 0.35х A х 02-48 _ 4.99 MHz 
15.625 kHz 3 (64-10) us 





7.4-7 


(a) Since x(t) is proportional to x(t) averaged over the previous т seconds, the picture 


will be smeared int he horizontal direction and five vertical lines will be lost. 


(b) x(t) = j x(A)dnr 21 хОӘЧ4», = j ха — j х(А — тал. 


— 





V 1 1 | 12-02 
Е EL X ams бұ 
so X(f) 1257 Х(/) Xf (fe Dn (f) 
Y(f) =H,,(f)X (f) = KXC(f)e "" 
Thus, На (Г) = j2nfKe ^ K g 67D 


1-е 79% тѕіпсўт 


which can only hold for f| < Их since H Cf) — o atf =1/т, 2f... 
7.4-8 


(a) If gain of the chrominance amp is too high, then 








х,| will be too large and all colors 
will be saturated and pastel colors will be too bright. If the gain of the chrominance 


amp 15 too low, then will be too small and all colors will be unsaturated and 








Х, 


appear as "washed-out" pastels. 


(b) If +90° error, then red — blue, blue > green, green — red. 
If -90° error, then red > green, blue > red, green — blue. 
If 180° error, then red > blue-green, blue —> yellow (red-green), 
green — purple (red-blue). 


1.4-9 


7-21 


Let х, (t) be ће BPF output in Fig. 7.4-11 so, from Eq. (15), 
x, (t) = Хұн @) + xo ()sin Ф, x, (f) cos o, + 3, (D sinet 


where ху, (t) is the high-frequency portion of x, (t). 


7.4-9 continued 


Thus, 
v, (f) = x, (t) x 2соѕо 7 = 2x, cos o, t + xo (t)sin 20,1 + x, (0 + cos 20,7) + Ху (t) sin 20,1 


= x, (t) + 2xy, cos 001 + x, (f) cos 20,1 + [хо (t) + Xp, (1)]8 20,7 


vo (tr) = x, (t) x 2sin o, t = 2x), sin, t + xo @)(@ — cos 20,1) + x, sin2@,,t + X, (1 — соз 2031) 


= xo (t) + Xp, @) + 2x4, (1) sino, + x, (t) sin 20,1 — [хо (t) + Ху (@)]соз 20.1 


7.4-10 


To modify Eq. (15) to account for asymmetric sidebands in Q channel, let 


Хон (t) be the high-frequency portion of x, (1). Then 


x, (E) = xy (0) +[х, (D cos 0 „1 + £5, (f) sin о 11+ [Xp (1) cos(@,,t — 90^) 
——— 


sin ot 
“Хон (D sin(@,,t — 90^) 
————————À 


= COS Wot 


Let X, (t) be the BPF output at the receiver, so 


x, (£) =Xy, + [x, (f) cos 0,1 + Ли (t) sino, 1] [хо sin Ot — Хон COS Ot] 


7-22 


Thus 
у, (f) = x, x 2cos@,,t = x, (t) — £o, (t) + лун (t) cos o, t + [x, (f) — $55, @)]соз 201 


+[хо @) + Х, lsin 2@,.t 


vo (f) = x, x 2sina,.t = x, (f) + £j, (0) + 2%, (P) sin 0), [x, (1) — Хон (| sin 20,1 
-[хо (t) + Я в (1)|со8209,1 
апа lowpass filtering with В = 1.5 MHz yields 
у, (f) = x, (t) — Хон (1) + 2x4 (0) cos 0,1 


vo (t) = x, (£) + £4 @) + 2х, (Әсіп o, t 


Now we have cross talk between I and Q channels since both Хён (t) and Хи (t) 
have components in 0.5 MHz < f < 1.5 MHz. This quadrature color cross talk is 
eliminated by reducing the bandwidth of x, (1) to 0.5 MHz so Хон (t) = 0 and the 


Q-channel LPF removes Ху (t). 
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Сһар{ег 8 


8.1-1 
М = 12 equally likely outcomes 


P(A) = 6/12, P(B) = 4/12, P(C) = 3/12 А 1 2 3 4 С 
Р(АВ) = 2/12, Р(АС) = 0, Р(ВС) = 1/12 5 6 7 8 
P(ACB) = 2/12 В 9 10 11 12 
8.1-2 
М = 16 equally likely outcomes А 11 
P(A) = 4/16, P(B) = 6/16, P(C) = 6/16 1,2 21 В 
Р(АВ) = 0, Р(АС) = 2/16, Р(ВС) = 2/16 1,3 2,2 3,1 
Р(АСВ) = 6/16 1,4 2,3 3,2 4,1 
2,4 3,3 4,2 
3,4 4,3 
С 4,4 
8.1-3 


Р(АВО- М.,/М- (М. à N „УМ = P(A)- P(AB) 


8.1-4 
NE= N EUM, LL. Nm Ns 
Nast ун 2 - 
P(A+B) 2 ан T en МА АМЬ Ман вүдууР(В)-В(АВ) 
N N 
8.1-5 


Na ЕМ да + N ве М»= Ма + М в 


N +N. = 
Р(С) = ae Лав БАЗА Иа = P(A) Р(В)-2.Р(АВ) 
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8.1-6 
P(match) = Р(НН +ТТ) = Р(НН) + Р(ТТ)= P(H)P(H)+P(T)P(T) 


а 2 ЈЕ 2 2 
Вене. раја 
2 2 2 2 2 2 





8.1-7 

Let A = “А fails," В = “В fails," С = “computer inoperable” 

Р(А) = 0.01, Р(В) = 0.005, Р(ВА) = 4 х 0.005 = 0.02 

P(C) = P(AB) = P(B|A)P(A) = 0.0002, P(A|B) = P(AB)/P(B) = 0.04 


8.1-8 
Let M = “match,” H, = “heads on first toss,” etc. 
(a) Р(Н,) = У, P(MH,) = P(A,H,) = (%)?, Р(М|Н,) = Р(МН,УР(Н,) = У 
(b) Let A = “Н, or А, P(A) = P(A, T, + ТН, + H,H5) = 34 
P(MA) = у, P(M|A) = P(MAYP(A) = 1/3 
(c) P(M) = Р(Н,Н, + TT) = %, P(AM) = Р(А)Р(МА)/Р(М) = У; 


8.1-9 
Let M = “match,” Н, = “heads on first toss,” etc. 
() | P) = V P(MH,) = РН) = 04», РОДН)) = P(MH,)/P(H,) = А 
(b) Let A = “Н, or H,,” P(A) = P(A, T, + ТН, + HH) = 2 x 1⁄4 x 34 + (М)? =7/16 
P(MA) = Р(НІН,)-(%), P(MIA) = P(MA)/P(A) = 1/7 
(c) P(M) = Р(Н,Н,) + Р(Т,Т,) = (М)? + (34)? = 10/16, Р(А|М) = Р(АУР(МШАУР(М)- 1/10 
8.1-10 


Since P(AB) = P(A|B)P(B) = P(BIA)P(A), P(XYZ) = P(X)P(YZ|X) where 


P(XYZ) 2 P(XY) P (XYZ) 





РОД) = = уу = вх) Pur, = ҰРОРАЦХҮ) so Р(ХҮ2) = РООРОРОРСАХҮ) 

8.1-11 

Let F = “fair coin,” L = “loaded сот,” A = “all tails,’ P(F) = 1/3, P(L) = 2/3, P(A|F) = (%2)?, P(AIL) = 
(94)? (a) | P(A) = P(A|F)P(F) + P(AIL)P(L) = 11/24 


(0) Р(ЦА) = P(L)P(AIL)/P(A) = 9/11 
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81-12 
Let F = Чак coin,” L = “loaded coin,” A = “а tails" Р(Е) = 1/3, P(L) = 2/3, Р(А|Е) = (2^, P(AIL) = 
бар (а) P(A) = Р(А|Е)Р(Е) + Р(АШЭР(1) = 31/96 
(b Р(ЦА)-Р(ШР(АШУР(А) = 27/31 
81-13 
Let К, = “first marble is гей,” etc., М = “match:” P(R,) = 5/10, P(W,) = 3/10, P(G,) =2/10, 
P(MIR,) = PRIR) = (5 – 1)/(10— 1) = 4/9, P(MW,) = 2/9, P(M|G,) = 1/9 
(а) РОМ) = P(MIR,) x P(R,) + РОМИ) х РОМ) + РМС) x РСС.) 


9 10 9 10 9 10 45 
(b | P(W,|M) = PWPW, PO) = 3/14 


8.1-14 
Let R, = “first marble is red," etc., М = *match;" P(R,) = 5/10, P(W, ) = 3/10, 


5-2 5-1 3 4 
Ек SS Саз 
10-2 10-1 8 9 


12 
nom ccs 


P(G,) 22/10, Р(М|К,) = РО ОКК) ) = P(R3IR,R,)PCR IR) = 7 


ЖЕТІ 
Р(МО)) = zs 
(a) P(M) = P(MIR,) x P(R,) + РОМУ) x P(W,) + P(MIG,) x P(G,) 


I2. es 3d 25 2714 
= %0х----- 


72 10 72 10 10 120 


(5) P(W,|M) = P(W РОМИ УР(М) = 1/11 
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8.2-1 
Р(М)-15 N x, Рух) Fx) 
0-0 0.2 0.2 
-1,1 0.5 0.4 0.6 
2_ 72 0.2 0.8 
3 45 02 1.0 





(cont.) 


P(X © 0) = F0) = 0.2, P(2 < X © 3) = F3) - Fy(2) = 0, P(X < 2) = Е (2 - є) = 0.6, 
Р(Х ® 2) =1-0.6 =0.4 
8.2-2 
PN)=1/5 N x, Рух) Ех) 
3 -4 0.2 0.2 
2 -2 0.2 0.4 
-11 2 0.4 0.8 
0 4 0.2 1.0 





Fy 





Р(Х © 0) -Е/(0) = 0.4, P < X © 3) = Fy(3) - Ех (2) = 0, P(X < 2) = Fy(2 - є) = 0.4, 
Р(Х ® 2) =1-0.4 = 0.6 
8.2-3 

0 х<0 


Е.0д-| p.004. - [e^ ax -1- Ge? хээ 


0 
Р(Х © 1) = F4(1) = 0.264, P(X > 2) = 1 - Fy(2) = 0.406, PU < X S 2) = F4(2) - F4(1) = 0.330 
8.2-4 
| REET х< 0 
г ui 2 
Е,(х)= | py 004 " | 
г =+ Є 41-1--еёе”  x»0 
2 12 2 
Р(Х © 0)-Р,(0)-12,РХ»1)-1-РЕ,((1)-0.184,Р(0«ХОб1)-Р,(0)-РБ,0)-05316 


8.2-5 
Еу(оо) = 100К = 1 => К= 0.01 so py(x) = аЕу(х)/ах = 0.2x[u(x) — u(x — 10)] 
Р(Х © 5) = F5) = K x 5? = 0.25, Р(5 < ХО 7) = Fy(7) - Е,(5) = 0.49 – 0.25 = 0.24 


8.2-6 





Fy() = КВ 21 = K= 2 зору(х) = 4Ё„(хуах = cos [u(x) — u(x — 10)] 


Р(Х Ә 5) = Еу(5) = Кеп = 0.541, P(5 < X 9 7) = F() - Еу(5) = K sin - 0.541 = 0.198 


8.2-7 
P(Z < 0) = 0, PZ G0) = Р(Х G0) 24, PIZ O 2 = PIX © 2) forz» 0 





0 z«0 d 0 z«0 
F. = ---Е =; 1 1 
24) шон 220 ра) ас ээ —6(2) + 5 220 
2 m 2 nz) 
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8.2-8 
P(Z < -1) = 0, P(Z © -1) = Р(Х © 0) 2 4, PZG г) = P(X G 2) forz>0 








0 z«-1 d ES 
F,(z)= 1/2 —1<2<0 Раба) = V сй 1 

A boum 2>0 п(1+ 2°) 

2 T 
8.2-9 
р: (2) = ape Ет > - а. 

X, Zz 

8.2-10 


аааз. аца 
Е 





8.2-11 


250 


2>0 


Monotonic transformation with g-!(z) = 22 — 1, 4е-1/4@ = 2z, p(x) = 1⁄4 for -1 © x 9 3, so 


р (0-2 С0-а(г-20-244(0)-4(:-2) 
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8.2-12 
8, (x) = -x[u(x + 1) – и(х)], 27 (0) = -[и@) – u(z – 1)], dg, 1/4@=-1 
gx) = x[u(x) — u(x – 3)], 2 (2) = z[u(z) — u(z — 3)], до Паг = 1, p(x) = 1⁄4 for -1 © x © 3, so 


nn „=> 0<2<1 
р;() = = 
—||= 1< 253 
8.2-13 
8100) = Vex [ux + 1) – u(x)], gr!) = -2[u(z) – u(z – 1)], ава = -2z 


gx) = Vx [ux) – u(x – 3)], 2) (2) = 2[u(z) – u(z — 43 )], аз>-Ма‹ = 22, py(x) = M for -1 Ox © 


3, 50 

1 1 

3 24* 4247 0<2<1 
р,(2)5 | 

2124=5 1< z< 3 
8.2-14 


g(x) = х2ц(-х), gr) = - Мс ибо), да уда = - М2 [о , go(x) = x2u(x), 
8:1() = +3 ибо), да /45 = +12 о (cont.) 


Pz) = 0 forz < 0, р;(2)= Py | for 2 > 0, so 














“ҮЛ 
аян [рибе @)+ру(—Уг = 


8.2-15 
ру(у)= | _руу(х,у)4х= yeu (у) | e dx =e u(y), 


— ух 


рху(х,у) = уе "u(x)e "u(y) Py GO py (у), Py@ly) = руу(х,у)/ py Cy) = уе "u(x) 
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8.2-16 


со 1 1 
рубу) = | риф от | Ше ззөзу)а- ac Зу ЈП %) 





Рху(х,у)= 


3 (xt yy x 
2 160 


1 2 У 


3(x+ у)? х 
— Ec IT 
рх@ у) = pxyGx.y)/ py Qo) X143!) A 


8.2-17 


[| prab) de = ous - [роуа 


For any given У = у, X must be somewhere in the range -оо < х < оо, 
8.2-18 


рхубсу) = вх Py), px 9 = [ рь (у) dy = | рх (уруу) dy 


Thus, руОО = pp = рхСЧУруОУ |” рх (журу) dy 


8.3-1 

my =a xe dx —l/a, хї-а| we de а so O; = JZ- 
8.3-2 

ту ва? | хе“ ах = 2/ а, Ха же“ dx = 6/ а“, so б, = |£- 
8.3-3 








аА аа 


а 
И n 2 n К ZEE 
1+ (x— a) 1-3 1-3 


Ч 2 
РЕ“ SH Қы ша? ET nep de ман ша 











i| 
а [5 


бұ (1+4?) а? -1 
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8.3-4 
Р(Х =b)=1-—p,my=ap+b(1—p), X? =ар+Ь2(1-р), 


o5? = агр + D*(1— p) – [ар + b(1 – pP = (a – Ђура — p), oy = la – bly p- p) 





8.3-5 
EUNT E ак к, 
х= Уа і-0 Y 2 Em Өз 
х= Ја ВЕ а (К- 1)К(2(К-01-1 .(K -DQK -1) 22 
К К 6 6 

E = 2 ту 2 2 25. 

б,” = Xt 2 (К-1а 22K -1)-3(K -1) = К 153 ae K la 
2 6 12 32 

8.3-6 


со а pom 
тү = а COS x py (x) dx = A cos хах = 0, 


== 2 y 
ye ЈЕ а? cos? xp, (x) dx = >. "cos? хах = =/%4-0=%, 


8.3-7 
со а гӨ+л 2а 4 
ту = | асовхр,(дах-- | cos хах ----5іп0, 
56 1% л 


2 


2 
со а Ө+л а 
У? = [ а cos хр (x) dx = — || cos хіх =- 
ыг 2 


2 2 
o, =,|—- = а =а,|——зи?ө 
2 л 2 T 


8.3-8 


т,-от, +В, y? = E| (ax +В)? |= E[o? x? + 208x +8 |= о2 X?’ + 20Вт, - p^ 


ду aed 2 72 2 2 
бу -Ү!-т, = 0 (X -m | = eo," бу-10| бү 
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8.3-9 
Үү? = E|(X «py |=Е| Х?+28х +B] = X?+2Bm, +В? 


d — 
соле ш = p--m, 


8.3-10 


Р(Х >а)= | ру(х)йх and р, (х) =0 for x« 0 


Е[Х]= | ру(х)ах> | xp Co dx >a” рх(х) dx =aP(X >а), ѕо Р(Х>ау)<т,/а 








8.3-11 
E| (X +Y} |=Е[Х°+2ХҮ +ү*]= x? e2xv«Y' zo 

cu ко es (ae ee И ew 
so 2XY 2- x^ «Y^ | and 2Х7 <(X7+¥"], > - 5—5 => 


8.3-12 
Ciy -Е|ХҮ-т,Ү-т,Х +тут, | = XY -m,m, 
(а) ХУ-ХҮ-т,т, => Cy =0 


2 


(5) XY = E[X (ах +)]=оХ ' Bm, and m, = от, +B soC yy = а (Х" -т, )=a, 
8.3-13 

e'- Еу? -2 (0 +В)У+(ах +В)? |-Y' -20X¥ -28Y + ог X^ Зар +p" 
дє2/да--2ХҮ +20 Х?+28ВУ =0 and де: /9В= -2У -2aX + 28 =050 


a - (xv - xY)/ o, and B-Y -aX 








8.3-14 

L orv) E[e™ = e[Gx) e |= repe]. so 
Ф) Ех] = Брже „ФУ 

ау" * dv" "југо 
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8.3-15 








B а 
Е —at hn Ет = Е 1 -а/ = 
[ ае u(t) | a+ D | ae uCf) | AEN 
Ф, (2n) = and Ф,(у)- 4-2 
а- j2nt а- ЈУ а 











8.3-16 


Ф, (У) = E| е" | = Ї ед" 2ахе * ах = К eae“ dh = р,(у)=ае "и(у) 


0 


8.3-17 


Ф, (У) = Е[ е^" | = Шы cds 


Let À = sin x, dA = cos x dx where cos х 241—sin? x = 1— X. , so 





snu2 „] dÀ ћи ni 1 1 У 
Ф, (у) = ic = е а = Sl 
rl ) eed T 2 he T ЛЕТ ру Cy) 1— у^ 3) 
8.4-1 


Binomial distribution with @ = (1 - 0)= У, som = 10 х 16 = 5, 62 = 5x 2 = 2.5, т £ 26 = 2 to 8 


БЕП EG E 0 ово 


8.4-2 
Binomial distribution with © = 3/5 and (1 - &)= 2/5, so m = 10 x 3/5 = 6, с? = 5 x 2/5 = 2.4, 


т + 26 = 3109 


10 10 10 25. (1х4+10х6+45х9)256 
P(i«3)-F,Q)- | К ys Ч Ң р Ч 2 ж - Se 0.0122 
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8.4-3 


Let / = number of forward steps, binomial distribution with т, = 100 x 34 = 75, o? =75 хи, 


Г 2754415 , X = Il- (100 – DI = (21 — 100)! so my = (2m, - 100) = 501 and 
X? = (21-100)? = (4I? —400т, &10*)? = 2575, с,-425751 — (501)? = V751 


8.4-4 


Binomial distribution with 1 - œ = 0.99 so 
10 10 10 1 9 
Р(І>)-і1-Р(0)-Р.()-і1- 0 0.010.9977-- 1 0.010.99* = 0.0042 


Poisson approximation with m = 10 x 0.01 =0.1 


«(ау 201) 


Ре t 


= 0.0047 
8.4-5 


u = 0.5 particles/sec, T = 2 sec, ИТ = 1, so 


1 0 1 
(а) POA =e” 1 0368 (b Ра >1)=1-P0)-PO=1-e" b ab 30054 
i 1! ! 0! 1! 


8.4-6 


і 


і і 
o , 1 M л о , Т = о +» M 
Е(Ц-) 7 те"——=е "У ко Е[Г |==") " | — , where 
i= ; i=0 + is 
-0 i! 0 i! 0 i! 


т! а а ә Ш a Lee m 


1 x 
e" =1+т+—т? += У — so езен Mq i— and 
2! F9 dm dm 10 i! i! pe 


а? " d 2 ‚т^ " m2 1 n 2 : т! 
т dm и У Ои шее О? 





а 2 со ‚т! 99) . . т 99,2% т! 
But — e" =——е" =e" so )ai- me" and $0 - S =) me = те" 
ат ат ad il = i! | i! 


Thus, ЕЛ = е"(тет) = m and ЕР] = e™(m2e™ + me") = m? + т 
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8.4-7 


Х-т-100, 6:=Х:-Х э X?=0 +m? =10,004 


P(X <т-согХ >т+ 90) = Р(Х <т-сб)+Р(Х >т+ 96) =20(1 = 0.32 


8.4-8 


m-X-2, o=\X?-X =3 


Р(Х >5) = Р(Х >т+о) = 00) = 0.16, 


Р(2<Х < 5) = Р(Х > т) Р(Х > то) 2-00) «034 


8.4-9 
т-10, с= ~500—100 = 20, P(X > 20) = Р(Х > т+с/2) = 000.5) = 0.31 
Р(10< X < 20) = Р(Х > m) - P(X > т+ 6/2) =1/2—0(0.5) = 0.19 

P(0« X < 20) = P(X -m| < 6/2)=1–20(0.5) = 0.38 

Р(Х > 0) =1- Р(Х < т- 6/2) 21—Q(0.5) = 0.69 

8.4-10 

m = 100 х% = 50, 62 = 50 x 2 = 25,6 = 5 

(а) Р(Х > 70) = Р(Х > т+4с) = 0(4) = 3.5Х 107 


(b) P(40« X <60)-Р(Х-т|<26)-1-20(2)-0.95 


8.4-11 


Leta=m—k,o andb=m+k,0 so 





P(a « X <Б) -1- Q(k) -O(k) = ЕЕ Ме 


ОК) an О.) 


а т Ь 
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8.4-12 
т-0,0-3, РХ|< с)= "х-өік со) E 
о б 


(а) 1 - 2Q(c/3) = 0.9 = Q(c/3) = 0.05, c = 3 х 1.65 = 4.95 
(b) 1-2Q(c/3) = 0.99 = Q(c/3) = 0.005, c = 3 х 2.57 = 7.71 








8.4-13 
ал тэн 1 anl 1 l nj ез amus 1 
O(k) S DR а е = т}, 15) (е БЭР k -f e (Cx) 
E 1 -к?/2 1 SE ous 
= Биг | ams ах 


so О(К) < кашы ер апа 
\/2л? 


























E esas 1 : 
яс лаке OO Q(k)if kO 1 


1 e] 
ast 











Thus, DU ecco fo КО 1 
2nk? 





8.4-14 


(20° 1 
т 


(а) Е | (x -my | = 0 for odd n since A”e™ has odd symmetry 


1 


216: 





E| (X –т)' |= ы ал 





со Liu D 2 
Í (x-m)'e* m) 126 dx = 








(b) E| (x -my | = кој; ме“ dA for even n, where K, = 
Вие“ dÀ- -Жа (e* ) 50 


E| (x -my | = -К,| A" d (e J- -K, эле” 





Жы ]: e^ d(x | -К,(п- D| Mee ak 
К, 
2K, 


n- 


-(п-1) 





K, ,2| Me™ ах=(п-1)б°Е|(Х т)" | 
(cont.) 
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Thus, E| (X -mt |= (4- Do" E| X -m |=30", E| (X —т)° |-(6-10:(30:)-3-507, and 
E| (X =m)" |-1-3-5-- (0- Do", п= 2,4,6,... 

8.4-15 

рте! where Б=-/2лс° 

Кобе, D.0R)se 9 evum". ооф (у) se"? 


For т + 0, use frequency-translation theorem with 0, = 270m, so 


ЕУ б s 242 2 : 5.559 1 
Ф, (271) =e 1 bt) el? =е 6^ (211) 12 gjm(2nt) and Ф, (у) =е су 12 рту 


8.4-16 


Ф, (У) = Ф, (у)Ф, (у) = АРА РАИ = 2792 eis 


1 -[=- 2/2(вү2-вү? 
where 62-6, +6/, m, =m, +m, . Hence, р,(2)----е "ОЛ Ме еу) 
21(6, +0, ) 
1 п Х, : . : 
Ёсыг X=Y +Y, +.--+ У, where Y, = — is gaussian with 
nom n 


2 





ae ee 2 2 хо б 
і 2 і 2_ Х,— Poll Xi 

і z бу ба 2 “12122 

п п п п 


Then Ф, (у) =Ф, (У)Ф, (V) P, (v) = e * e where 


1 n 1 n 
o; "en = гу бу”, mz =) т, =) ат 
8.4-17 
Х=һҮ = Ү= еХ 


Е[уј= Е[е |= E e^* | гэсэн go ens 


-1 


ejeje] 





= Ф, (-/2) ші е?бх grs 





2 
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8.4-18 
е: 2 co Gy -1/2 
(а) $,(v)2| е?“ р„(х)ах=—=——=| e`” ах-(1- 26 У 
г 2 рев eise) 


(5) 2 = jo*(1- j20°v) = Е[2]=] Go)-o* 
У 








а?Ф . -5/2 _ 
zu = -Зо°'(—у20%) = Е[7°]= 7 °(-30") = 30° 
“Фе за‘ (i= өз)” = E[7]-j?cj15e» -150 


Thus, E| X? |= E[Z]= 0, E| X+ |= Е| 7° | 3o, E| x* |= Е| 7° |=150° 
8.4-19 


– a 


К? =20? =32 = 61-16 so p,(r)= ee ue and P(R <r) =F,(r) =(I-e" Ju) 
Thus, P(R >6)=1– P(R <6) =e° "2 20,325 and 

Р(4.5 < К < 5.5) = P(R< 5.5)— P(R <4.5)=е 75! * 9553? 209.143 

8.4-20 


X!229!218 > © =9 so р, (x) = Se tu) and P(X < x)= (1- e Juco 


Thus, P(X «3) = Р(Х <3)=1-е*" = 0.393, P(X > 4) =1- P(X <4)=е*" 20411 , and 
Р(3< X <4) = P(X »3)- P(X > 4)=[1- P(X €3]-[I- P(X < ] 2 e 7 * - e *^* =0.195 


8.4-21 


Since Z 7” 0 and X æ 0, monotonic transformation with g(x) = х2, ог) =+\/: ,dg'ldz= ДЕ 


ру ОУ) = ЗУ но m= 7 = Е[ х? | = 20° . Thus 
б 


р,су- ҮЕ 48 (+) ICT 
9 2 т 
А - 092 К =1 


P < т) = [" Ce?" dz -1-e 0.095 k=0.1 
т % =U. 
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8.4-22 


(а) A=R, =Х *+Ү? where X and Y are gaussian with X =Y =0,6, -0, =<' 
Фу) 29. (9, (v) »[q- 1207)? = (1 20у) 


Ф ,(2nt) = b b nein so p,(a) - be "u(a) = et ua) 


1+]26°(—2л) b-j2n(-) 20 


(b) Pw(w) =p Ы Pap)» Pp? = Pg? = рд 








0 w«0 
2 
= и 1 2 1 Р 2 1 о 2 TW 
| — е №25 e one (1), = ч die w>0 
о 267 20? 2g? 0 
SO риби) = —— e "9 ии) 
40 
8.4-23 
15 ER M so p (x y)- a e (8-2 py ty’) 
жару рае 
ее - y! 2o? 





casa қа Еа ата 222 ә 32 
en e^ APD) dx= цаг АХ, = 
—oo 2 0 


рубу = | роб) = шанг, 
- 427707 42720 


Руху (х,у) = 1 етӨгруУ!/2030-02) 


PrO)  2то:0-р) 


200° 


рх@ у) = 


8.4-24 

Since Z is a linear combination of gaussian RVs, р Х2) is a gaussian PDF with 
m, =E|X +3Y |= т, +3m, =0 

o; =Е|Х°+6ХҮ + 97 | = (o, c m, ) *6E[XY] +9," +m,’) =100 
8.4-25 

E| х" |= [x p. c0dx - 0 forn odd, E[Y] - E[ X? ]= o, 


E[(X — m, Y —m, )] =E|X(X?-0,’)] -Е|Х | о Е|Х|-0 = p=0 
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Сһар{ег 9 


9.1-1 
EIN jones == 3 3, 58 
g[e" ]-7 fe dx (e -1), v0- Е[ 6е" | == (е' -1) 
Ка )- Е (збен = LB poem -1| PO = 2 (e* -1) 
шиг (+1, t 


9.1-2 
1 р í = 3. 

E [cos Xt] - — | cos xtdx = —sin2, w(t)- Е[6 cos Хг] = -sin2r 
2 Jo 2t Ї 


R (t 1,) = E[36cos Xt, cos Xt, | -18E|cos X(t, –1,) - cos X (t, +1,)] 


= ДЕН =), sin2(t "d 
2(t, —t,) 2(t, +t,) 





US sin4t 
у (t) =18| 1+ 
41 


9.1-3 


Х-0, X?=1/3, уйў=Е[Ү+3Хгг=Үг+3Хї? =2t 


КА) = E| Y? +3YX (а +1)+9Х°м, |t, = 7 + 3XY(r +1,)+ 9X^n, |н, = бү, +3(tt,) 


у 0) = 60° + 3“ 


9.1-4 


s је fet dem (7n) v= ври РЕ = Це e) 


R, (t уул а А = yag] 


gom mE ON | y? (t) = (е -е?) 
tth 


3 
2t 
9.1-5 


sint 
t 


Е [сов Xt|= Z [с хах = m = [У cos Xt]= YE [cos Xt]= 2 


(cont.) 


9-1 


LS 
К, (1,4) = E| Y? cos Xt, cos Xt, |= 5 YE [cos X(t, —1,)*- cos X (t, +1,)] 


23 sin(f, -t,) " sin(f, tt.) 
1-І, fct, 





EC 51127 
t)=3| 1+ 

FO | Ш | 

9.1-6 


РЕФ) = —— p (P. О<фх2л — Rt) AT Рр. COdf where 


в N= | cos mpi, <фусов(2л/, +ф)4Ф 
27 Јо 


І сл 1 2x 
EU |, cos2nf (4-4) 49+ |, cosl2af (4 + 1) +20]4% = 1соѕ2лу (1-1) 


2 
Thus, with f= À, R (t,t) = = (ГГ соз2лА(% 21) p ай 


2 


"0 “АГА “сов(2/ +9) 2 p)dr- 0, POREDE р.у) == 


9.1-7 
v(t )w(t2) = XY(cos Wot) cos Wot, — sin Wot, sin Wot.) — X? cos Of, sin Of; 

+ Y? sin Wot; COS 600: 
E[XY]=XY=0, E| x? |= E|Y? |- o? . so 


R „(t t) = E|v(t)w(t,)| = 6^ (sinet, cos оу, — cos 0t, sin Mf, )= 6^ sino (h —1,) 


9.1-8 

(а) У © = Е| X cos@ t+Y sin@,t]= X cos Wot + Ysin © =0 

R,(@,.t,)=£ | x 2 cos 01, cos @ t, + XY (cos Mf, sin 00,7, + sin Wot, cos Qf, )+ Y? sin of, sin Фу» | 
= X? cos Qf, COS Mt, + Y? sin Wf sin Qt, = 6^ Сов0),(1-1,) 

so Ry (Tt) = 62 сов Qt 


(5) V(t) = R,(0) = с” (cont.) 


9-2 


<у (> = <(Х cos ot + У; sin югг)?> = ХР<соз2 ог» + 2X;Y; «cos wot sin өрг» 


+ Y;2<sin2 (> 


(а) vt) = Г ар,(а)аа [costo t Ры Ах0-0 
ЫН 20 


со 2x d zc 
R,(t, t.) = | apada I, соѕ (0,7, +P) COS( Wot, + 957 eA = W(t, =) 


72 
SO R,(T) = eee OT 


(b) У (1) = A112, «у (t) »9« A? со8 (о +Ф,) >= А? <cos (aut +Ф,) >= А? /2 А? /2 
9.1-10 


m, = (t) = E[v(t)—v(t +Т)]= vit} у(н- Т)- 0 








б, =2(N=v'()— 2d vEtT)+v? (t+ T)- R, (0) — 28, (T)+R,(0) =2[R,(0)—R, (Т)] 
91-11 

m, = z(t) = Е[у(@)+у(ї-Т)]=у(@)+у(@—Т) = 24[R (+) 

za) = у (0 +2и пуст - T) v -T )= R, (0) + 2R (T)+R,(0), 

o, = 2[А (0)+ А, (Т) – 2, (+) 

92-1 

Е je" |= Зани so Gyf) = 2V ne” -98(/) 

<v(t)> = JR, (=) =+3, «v'()»- R(0) 225, у, 25-9-4 
92-2 

Суф = Ак )sbu- 8)+5(f +8)| 

<v(t)>=m, =0, <v(t)>=R,(0)=36, у = ¥36—0=6 
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9.2-3 


R(t)= £ Г. соѕ2лАт p, (A) dÀ , 
G,(f)=F,[R,@] = £ [-Е,[сов2лл] pdr [5B -%э+&/ +A] p. A) 4. 
Ар p, Cf )] 
p) = ај — f) 9G.) -4 [xj -f)*&f-* f] since &-f- f) =f + fy) 
9.2-4 
а) E[G.co]- "E (йе ат = ГА Ren dt 
= ШӘ =(T sinc? fT)*G (f) 
(b) пол | је so lim Гіпс? fT =F, [1] - 8(/) and 


lim E| 6, (0 | -80)*G, 0) 2G, (1) 





9.2-5 
1 АТ қ ib : - je 
V, (£) = Acosta +n | Ves s= [sinet -f Te” +sinc(f + fT e” ] 
2 ди 9 | = 5 Іле (f — fT +sinc?( f- АТ +E| e? c e ?* |sinc(f – f,)T sine( + f,)T} 


But E| e’? e ?* |= Е[2соз2Ф]=0 and lim T sine” fT = &f) , so 
од) = lim [T ТАТТАН С Л] [807 - £980 49] 


9.2-6 
R (t, t) = Еју( ју) = тт, so А, (т) = К, (1) = тут, 
R(t) = Ry (7) + Ry (t) + 2mymw, G:A = Gy(f) + Су) = тутууо (0) 
(cont.) 


9-4 


К„(+с°) = Ry (toe) + Ry(%) + 2тутуу = тү? + ту? + 2тутуу = (ту + түү)? 
z’ = К.(0) = К, (0) +К, (0) £2m,m, =v? +и? +2туту 


=бу +m, +0, +m, %2т,т, 20, «o, +(т Ет)? > 0 





9.2-7 

R (t.t) = ЕЕ €)] = E[v(t)w(t)] 2 R (t, 45). зо Р, (=, T) 
1 

G,, (f) =F, [R,,(-D]= С? =G,,(-f) 

9.2-8 


R (tt) = E[v(t)v (5) - vt, +Т)у@, +Т)— vt; -Туу(,)-»(іуу(4, +Т)] 
=R (t-t) - R, (t, cT —t& -T) - R, (tj *T —t,) - R, (t, —t, T) so 
R(t) =2R,(t)—R,(t+T) -К,(т-Т) and 
G.(f)=2G,(f)-G,( f)(e чет) = 2G, C£) (1-cos2nfT ) 
9.2-9 
R(t t,) = E[v(tv (6) -v(t, -Tv(t, –Т)+ vt) v(t, - T) + vt -Tx €,)] 
=R (t,-t, +R,@ -CT - t *T)* R,(t,—t& * T) - R.(t, -T -t,) so 
R (1)=2R (т) R(t-T) -К,(с-Т) and 
G.Cf) = 2G, CF)  G,CO(e"* +e") = 2G, CP) (1- cos2xfT) 
9.2-10 
z(t) = v(t) cos (2л/21 + Фә) with v(t) = А cos (2л/ үг + Ф) so 
Суф = (42/26 - f) + SF + f1)] 


2 
Thus, с.) = T [8 - fi – №) +5 f+ Л- №)+5 - + f)rf* f+ f) 


2 
For f| = р, с.) = [BO 80-25) 80 +2] 
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9.2-11 
Rt, t) = ELIE], ус) = | һО)ха, –%)4% so 


RGA) | „ОЈЕ|у (t,) x(t, —A)] da (cont.) 


But E[y (t,) x(t, 2)] =R, (th -A)=R (f-t, +A) = К (THA) so 

R(t) =| hOOR, (3) d. = | порок (710 d =h) * R, C0) 

9.2-12 

R(t) =F, | 2afy’G,(f) |=-F, [ü29 Y 6, C | »-4^R соја 

G,. Cf) =F, [AG * R CO] = НОС, C^) where HCf) = Јол, 

so А, =F, [G2$)G, Cf] = 48, (т) /ат 

9.2-13 

If x(t) is deterministic, then Yf) = X(f)-aX(f)e’” = Н(/)-1-ас Т 
Ін =1+02 -a(e*" +e") =1407-2acos@T so 

G,(f) = (1+0? -20cos@T)G,(f), R (1)=(1+0°)R (т) -а[К,(т+Т) +R, (т-Т)] 
92-14 


R, (од = hy ()* RD) = ІШ : 





R.O9dA 


л(т- А) 


1 


R =R (0) | == 





e] 1 
водал- gg р. = Jo др 


= -[hg(t)*R, | - -R,CO 
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9.2-15 
1/Т t-T/2«0«t-T/2 


0 otherwise 


Let x(t) = 8(t) so y(t) 2 ht) = — т “ОДАҚ | 


1 [|<Т/2 


H(f) = sinc fT, and 
0 [|>Т/2 ML 


Thus, A(t) = | 


К,(т)=Е, [sin? frG, CO ]- E је (t)= = G Pee- Ada 


9.3-1 














Let х= n|f|/KT , n eee emen) for | 1. Then 


-1 
(е:-1)” 21 та = о и: ша Кы ,50 
х 2 х 2 2 х 2 


Ш2КМЛ fi LAEN) ШІ 


9.3-2 
В,(Ф-һ()% = 6(1)- М 2: 8) 


R) =) e по) = ls hah- dh = D. ги h(t a(t +) dt 








9,3-3 
с (ђе PT nc gr, ОБАЛЫ 21) Yer (0) 7 
T 2 
9.3-4 
6,07) = мк? ge — Мк? еч 20) 
2 @ — 
М,К та” МК? [n 
nm e ME. пт фа)? ‚ y =R,(0)=——— T 
a 8 a 8 
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9.3-5 
Мк“ ТЕХ f*f 
G, mecum 0 II 0 : 
сс 
R,(t)=N,K’Bsinc’Btcos2nf,t, y! - R,(0) = М,К?В 
9.3-6 


ee Ш ыра ы |Ж 9-2вне2ігі, УВ == 








2% 
9,3-7 
R 1 R ; NI 
Н()-----------.,В----,0 G(f)2|H G an аг 
S9 К+ юг 1+](//В) mE о PEA ED 1+ (f IBF 
R, = No В -ал | Nor R SAIS nme 0 _ Nok 
(т) = = — 1Be "n e y ‚(0) PU 
9.3-8 
түрс Вэ 
PE b+ )27/ L 
N. · Оту Nov 2b 
G A= HEA G == 
Уу НО 60-7 ОТТ, т TEMOR 
_ No d* — Ar = Nw d ШЫ) ГІН 
R (= e: |= Bagh be luo) e beu] 
= -Te [pe "ис — 18 (t) + b'e"u- x) - 5 (-1) | 
_ № Л а Ж 
E [2509 ђе 1 y?=R,(0)= 
9.3-9 
ај 22 Nov 1 Мо, = 1 = 
2-1 Gf )df = Ата Рт D TTE 227 = N,,=4RkT 
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9.3-10 


y is gaussian with у=0, y! 2o? = ARKT ,B-4x10? 


z- boe -2[ = 





тізе?” у Варез 402-16-16 uV 
NO 


2 
2 =у2 s0 z°= у =0, 0, = “Р =12 рУ 
T 


9.3-11 


у is gaussian with y 20, y? =o? = ARKT,B = 4х107" and z = y иу) 





2-|, »oMy-[ - 





, y! =7?=07 =4ВАТ „В =4x10™" 


~е | 
|| 
N | 
|| 
© 


оо 2 ера ла 20° Е 2 
22 Е у QUU qu ee од“ у= 
1 Dro? У т | 


е7 129 dy = ->fe 
V270” ок ^ 


o? 


2 ~ 


(cont.) 


-402)--2 =8 uv 
(А) SE u 


2 2 
б б 
-(%- шыла Барт; 
= | " 


E[(Y-m,YZ –т,)] = Ely (0» (t -T)] = К, (T) = o^sinc2BT =0 since 287 = 5 


Thus, p = 0 and р,,(у,2)- 


eO net 





2по’ 


y=z=0, у =z°=0° = 48 ,В=4х10 


2 
Е[(Ү-т,)( –т,)] = Ely Qy(t-T)|= R, (T) = с°зїпс2ВТ so p == sinc 0.5 = 0.637 


Thus, py, (у,2) = 


(уж 2 274 yz)/1.1967 


2n0.770° 
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9.3-14 





8-|Н(0| = К°, в, = |727 df = ул 








242a 
ak X In2 1 
At f — B, H(B)| = K'e?"? x шы, pets ag e NE Ут =1.06 
2 2 а В 241102 
9.3-15 


К 


т? | К с, es T T 
херој È дааст) T dies y Де "^ where Т, Pond Tk, <5 


к ELA ехо] EEEa Ee] 


o? m=k 2 2 i 
= = -/0()-1) | — 2 
уућеге Е. o ы? So E||X,(f, з) |= } с?Е[е |=0°(K,+K,) 
with Ку + K, = expected number of impulses in T seconds = UT (cont.) 


Thus, G,(f)= lim--e'uT =u0? 
9.4-1 
Т, 6 5 
10108, —W [= 10log,, (4x10*) = 66 dB, s, = 2 x 105 mW = -47 dBm 
0 
(S/N), =-47+174- 66 = 61аВ 
ав 
9.4-2 


: 
10109 т» } 10log,, (5x2x10*) =70 dB, s, = 4 x 10-6 mW = -54 dBm 
0 


(S/N). =-54+174-70 =50dB 


Dap 
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9.4-3 
STILNQW = 46 dB = 4x 104 = ІМ0-5х10:10 
(a) W= 20 kHz, (S/N) = 55-65 dB, $, = (S/N); - 10log,, (5x10 х20х10°)+30= 


35 to 45 dBm, 57 = 3.2-32 W 
(Б) = 3.2 KHz, (S/N)p = 25-35 dB, S... - (S /А) -101og,, (5x10 x3.2x10°) +30= 


-3 to +7 dBm, 57 = 0.5-5 mW 
9.4-4 
(S/N)p = SR/NoBN = (W/IBN)(SR/NQW) 


(а) By = 28 = 23.6 kHz = 2.36w = (5/Мур = 0.424(Sg/NQW) 


(b) By = 18 =134 kHz = 1.34% > (SIN) = 0.746 (Sg/NQW) 
4sin 1/4 


9.4-5 
Sp =| |H САР G. (f )df -К| вода = К?5, 


2 
m N, eo 2 иг 2 WwW f 2 2 Зүү 5 m 2 S; 
N, == R] df =N,K L[ НО |v- N KLZ so Ей = 





LN,W 


0 


9.4-6 


Sp = | |9, GO» на” G Cf )df = K?|" бода = К?5, 





4 
Ny [= 2 w 2f 21W S 5 S 
N,=—| ІН ар = М КАД |1+|— | |df =N,K°>L— = 
4 Ы «ЛІ = № [| а : 5 ДЕЈ) 21 ІМ,У/ 


9.4-7 
(а) Sn, —1+174—101ов„(10х5х10°) = 60 dB, 


L= 3 x 40 = 120 dB, 57 = 53 dBm = 200 W 


(b) 14 = 60 dB = 106, L = 120 dB = 1012, S, = => 200 W = 0.4 шуу 


9.4-8 


pe y ae S108 |= 
6 N Jp 











TR г ӛт 210 = г =610' 
6x10* NW NW 
1 


= x6x10! 25x10* = 47 dB 
12x100 





(а) 1, 2 20 dB = 100, H 
N D 


х6х107 215212 dB 





S 
(b) L, 60 dB = 106, H 


9.4-9 
L=0.5 x 400 = 200 dB, 1, = 200/m dB, 


S S. 200 
із) = 10100, ищу] os, m — —— >30 dB so eens 23 
N Jp ті, М, т т 


т___102 m + 20/т 
10 10-2-3 


5 0744-247 = mpin=5 
4 0.6+5=5.6 


9.4-10 


= 1% > og mq so 2 =Кт L"' where К = 8 (cont.) 
dB m N 
D 


0 





d S -2 p-m | -1ү-т" -2 нг 
ad x | "Lo Г" +m LE (In Lm )|-0 so 


dm 


In10 


m=InL= 5 (10log,, L) =0.23L,, 





9-12 


9.4-11 




















2RkTN R + N =kT NIC (from Example 9.3-1) 
A cos 20 fot С у 
> S = (A2D)[1 + (2л/0КС) р! 
S A С 4 [5 } A 1403/,8СУ-05,КСУ20хС _ 0 
М 2kT 1+ ОВС)’ ас N) 20, | -(21/,Кс) | 
and С = | 
27/,К 
9.5-1 
с. Y МВ, АТ,Вут 4х107х1 уд 
А А Е, 102% | 
9.5-2 
a t NoBy 1, NoByt o. Nt 
! А? Ат t, 
o, =№В, => Vi TR. раз 








9.5-3 





2 4 
Take By = 1/21 = 100 KHz « ВТ, so б, = № mJ = E, 2 5. ха? 


2E, 100 
Then 6,/t~,/N,/4B,E, =0.01 


9.5-4 


2 4 
Take By = Bp = 1 MHz, so re x ЭЭГ 
р 


PO АВл 
Then о /A= ЈАВЕ, =1 
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2 
E IT Е 
82-38 (is | == > В < Р--10"Е 





100 10° N- MO NOE : 

М | 106 М 1 
сек 210250 и ее 
4В,Е, (1000 4ТЕ,  4х107Е, 

11 1 -8 
107Е,>---- = Е,>5х10 
P 4x10? E, ! 


апа B, =10"E, . =5kHz so <B, < B, 


9.5-6 
В» 1/ = Е = А„2х,‚ so А2 = А„2 = Е„/ 
т > yt) = хро), pt 80 р рї 


2 AY А, 2E, _ 2E, 
By = пВ/2 = 62- МОВМ = №лВ/2, so | — | = ——=— = 
б NamB/2 лМВт М 


0 




















9.5-7 


Assuming pulse arrives at t = 0, y(t) =A, (ine ™ бере, so A =y(t)= A, 153 


2 2 —2лВт ү? -2лВт V? 
А A, (l-e 1-е 2Е 
62 = NoBy = Мол BI2, so | — «не ее, 
б М,лВ/2 TBT №, 


9.5-8 
2Кт 








Р(В-твіс2/ > H,,.(f) = 


0 0 


sinc? fte/ and h, (t) = ales | 
№ t 


Want Лор(0) = 0 for t < 0 for realizability, so tq ® т. 


9.5-0 


ӘҢ не = nappe s 


e "" апад, (0) = 2 uut) 
b+ j2nf 


№ b- j2nf No 
Want Лори!) = 0 for г < 0 for approximate realizability, so take tg 79 5/b which yields 
hopi(t) « 2K/NQ for t < 0. 
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Chapter 10 














10.1-1 
= 5|? 2b 
n =2х din ded = 35b, па = 2x 5/2) +> +2 =| = as 
0 b 2b 4b f 
10.1-2 
= 5|? 2b 
T =2х У 758585 = 35b, па =2x5]2 +2 +2 >| = 350 
0 2b 3b f 








10.1-4 





N 2 
(а 0,0) = EE + 1] = 
N 2 
For f> 0, 6 (f) = HEO] = G,(f - £) 


N 2 
For f< 0, G,(f) = 6,7 = ECF- 10] = 





Зан, 011 = 





GATA 


But G, (f — f£.) = 0 forf<0and С, (f + f.) = 0 for f> 0, so 


(cont.) 
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eumque 21290 
GUT. Гей 


6) Gf) - Gf -£) > СЧ) =) = 6,00 
б„(Юп-щ/Л]=бв„у+) > су—-Юп-щ/—]= бу —/, + =6,0 


Thus, Gf) = с, (7) "p G,(f) * 26, (f) 


С eU ERO UE 


10.1-5 
(a) H,(f) = H,(f + £)u(f + f) © 1/(. + 2f / 8,) for f> -fe Thus, 











N N 
G (f)-— = кыз с. for f> -f,, which looks like the output of a 
Ы 2 1--/2//В, 1+ (2f /B,) 
I*-order LPF with В = B,/2. 
(b) с (f) = 2G, (f) 
N B 

E 2G, (f) df ~ М, 25 EE ES | cantan cs 

ов 22:18 5 








= No nB 2 8шсе2//Ву-20» 1 
10.1-6 
42:22 [n (0) cos u,t — n, (f) sin wt cos(w,t + 0) 


= n.(t) cos0 + п, (t) іп + n,(t) cos(2w,t + 0) — n, (t) sin(2w,t + 0) 


y, (t) Yp (6) 


Since и; and n, are independent and л, = n, = 0 
Y, = 0, y? =n? cos’ 0--т,2віп 0 = п? 
Yy =0, TE = n? cos (20,1 + 0) + n? sin’(2w,t + 0) = n? [cos (2w,t + 0) + sin?(2w,t + 6)] 


159 





10.1-7 
y(t) = A,(t) — A, with A? = 20,2 = 8 and А, = то, /2 = к 
p, (y) = p, (у + A.) = 1(у + У2тје "^77 Pu(y + Ут) (cont.) 
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lw wq A —A [20,2 2 [Зых 2 4 
И = А |, 4455 dA, = 40, | ме dd = 86, 


Since A, > 0 and y > 0, transformation with g!(4,) = y!? yields 


dy? 
dy 


1/2 1 
2228 e0 (ум Зулу 12 21 


e ! 2m y 
0" 20, 0) 


p (y) = p, (y ^) 








10.1-9 
Аж] = 3(—jsgn f)V(f) = (sgn f)V(f) so 
Vif) =V +f) + $sen(f + ДУ  £) = 3l 9 senf + LVF Л) 


0 185550 
=uf+f)V(f + f.) since енщ}, = 
УЫ) 
b 3b f 
10.1-10 
N TN 
6,0) = = Ie ж М, 














Вт) = жыны Beale + gm — N B, sinc Вт COS QJ. T 


—jN, 
2 


=, 
В 


Т 


fti 
B 


T 


(—jsgn /)С„(/) = П -П 





2 























9 = iN. 1 T . . 
В, (т) = 5 2 B „sinc Baer? - pu = N,B,sinc В,твіпш,т 


(cont.) 


R, (т) = (У,В,віпс Вт cos шут) cosw,T + (V,B,sinc В,т8ш шут) sin u,T 


Ч 2 + 2 . 
= М,В8,8шс В т (cos шт + sin шт) = М,В,8шс Вт 





























Т 
N N 
ође en] 4] +L] = о в, (0) = Fle) 
| А Са ШАҒЫ Be В, ; ; 

10.1-11 
N = 

Let h =f, + B,/2 so оу = о, + nBr. Then G,(f) = III 7-1, +I 7-1, апа 
2 В, В, 




















М, Е , 
В, (т) = Сар ы B, (e^? + езе) = N,B,sinc В,тсовш,т 


—jN, 
2 


7-3, 
В 


Т 


1-4 
В 


T. 


(—jsgn /)С„(/) = П -П 























~ 


—jN | | 
В, (т) = = B, sinc B, (e^? B pom = N B sine В,твіпшут 


RH, (т) = М.В, sinc Вт cos (wu, t тВ„)т| COS WT + |N B,sinc В,твіп (ә, + тВ,)т|віп ат 





М М 
= ХМ,В,ашс Вт COS qu т = — sin TET COS T D. T = —® sin 21.В,т = ХМ,В,ашс 2B 


























TT 2тт 
N = Ва у В„/2 М 
а (еп НА үа +I ITI. EIAS T В, (т) = £236, (f) 
2 В, В, 2 |3B, i i 
10.1-12 


(те рЄ0|-2| e a 

8,8)-Я16,7-1)-6,-01- 6,0-16" at | eg af 
=] боје на шасы” 
=2 ве" dx (e^ езе) = В, (т) совшт 


~ 


В, (т) этот = А, (т) – Ка (т)сов wal cosu,T = В, (t)sin’ шт so R (т) = А, (7) sin шт 
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10.1-13 
E[n,(t)n,(t — 1)] = E, — E, — E, + E, where 


3 


E, = E|f(t) cost x ТЕ — т) cos, (t — 7)] = + В, (т) [cos v,T + cosu, (2t — т)) 
E, = E|f(t) cosw,t x n(t — т) sino, (t — 7)] = 5А. (7)|- sino, T + sino, (2t — т) 
E, = E[n(t)sinw,t x n(t — т) cos o, (t — T)] = +R (т) [sin w,.T + sin w,(2t — 7)] 
E, = E[n(t) sino, x n(t — T)sinw,(t т) = + R,(1)|cosu,T — cos, (2t — т) 





Thus, R, (t,t —7) =  Е (т) + Қ.(т)соөвшыл-- ДЕ, (т) — А, (т)|віпш,т 


fin nn 


ûn 


+3[R, (т) — R,(T)]cosw,(2t — т) — В, (7) + В, (т)] sin w, (24 — т) 
-- 


But А, = R, so R, + R, =2R, and В, — В, = 0 and 


-R = Е, =R,soR, -В = 28, and В +В =0. Hence, 


тт 


R, (t,t — 7) = В, (т) = R,(T)cosw,T + R (7)sinw,T 


10 


10.1-14 

E(n,(t)n,(t — т) = E, — E, + Е, – E, where 

E, = E|n(t) cos ot x (t — т) cosw,(t — T)] = + R, (T) [соѕит + совиш, (22 — т) 
) ] 2 4 R,(7)[- sinv,7 + зшо, (24 — т) 


( ( 
Е, = E{n(t) cosw,t x n(t — т) а о 
E, = E|f( ( 

( ( 





) (t — т) 
)sinw,t x A(t — T)cosw,(t — 7)] = + В, (т) sinu, + sin ш, Qt — т) 
E, = E|f(t) sino, x n(t — т) ( )) = + R, (7)|cosu, — cos и, (22 — т) 
Thus, А, (,¢— т) = +В (т) + R (т)]совш„т + +[В (т) — В, (т)]вїп шт 
+3[В„„(т)- R (T) cos w,(2t — т) — + [8 (7) + В, (т)] sin в, (2t — т) 
Ви А, = R, so R, + R, =2А, and R, — В, = 0 and 


В. =-В = –Е, so R,, — Е, = —2R, and В. +В, =0. Hence, 


В, Ng (t, t = T) =; R, Ng (т) =< R, (т) sin WT на В, (т) СОБ от 


10.1-15 


(а) Б, (1) = [R, (T)cosw,T]sinw,T — [В, (т)8шо,т|совы,т = 0 (cont.) 
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0) 8(040)-4,0-1) > 004041-1)-0,1-1-107-4409) 
G-w-G(-£ = 660-01-4/7-01-0,7-1-0-449 


Thus, FH, (T) = FAG) = ӨЛЕЙІН =0 






















































































10.1-16 
N 7-8,/2 М f+B,/2 
САРУ) = TL I, Gf- fL- ulf- f) =i т 
2 B. 2 В, 
N —bB./2 В. /9 N | | 
Ran (T) = Fij о / m — II 2+ В, /2 = 1— В,ѕіпсВ,т е – е 797) 
ДЕ 2 В, В, 2 
= —М„ВузшсВьт sin т.В,т = мВ. т sinc В,т 
10.1-17 
74 3В,4 f 
Му 2 
М 7-8,/2 +В, /2 
G(f+fjuf+f£)-G,(f L- u(f — £)] = || —_ | - n|——— 
„(7 + Шви a FL lf | 2 B. /2 8? 
N -В,/2 Б. /9 М.В В | 
Ran, (т) = F= 7 0 П f rl — II f+ т/ =>) 0 sinc TT Cii —е "8" 
i 2 В, 12 В, /2 2: 2 2 
МВ, Вт тМ,В,2т 





‚ BT. ‚Бот, 
= — 5 а цайн рле. 


10.2-1 
М.-ЕТ,-%7(7,/Т7)-4х107 x10 = 4х 10" 
(S/N), = $,/ МИ’ = 20х10 /(4x10 7 х 5 х 10") = 10' = 50 dB 


10.2-2 
№, = ЕТ, = kKT (1, /1,) = 4x10” x10 = 4х 10" 


= 2.86 x 10' = 44.6 dB 





| © | 0.4 20 х 1077 
р 


М) 14044х10 х5х10) 
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10.2-3 
y(t) = [Аз + п, (0) cos w,t — п, (Е) sin wth2 cos(w,t + 6") 

= A,x(t) cos o'+ n (t) совф'+ n,(t)sin o'+ high-frequency terms 
y, (t) = Aa(t) cos ó'4- n.(t) созф'+ n, (t) sino! so S, = А24? cos’ ф' 
№, = Е [n сов? ф'+ 2n.n, соѕф'віпф'+ n? sin? ф' 

= n? сов? ф'+ n? sin’ ф' = п? (cos? ф'+ sin? ф') = n? = 2N W 


Thus, (5 / №), = Аза? сов? 9'/2N.W = 8,/ NW х сов? ф' = q cos? ф! 








10.2-4 
DSB: S, =<2 =A? = 8, = Аа? = 8,8, so (S/N), = 5,8, /2М И = 15,7, 
АМ: 8, = A+) -4А? = 8, = А21? = 18,8, so 
(S/N), = 15,5, /2№,0 = 8,7, 
10.2-5 


u(t) = А2: (t) + т,(0)| сов wt + А2: (t) 2 n,(t)] sin w,t so y, (t) = Ал (t) + n, (t) and 


уь (t) = Az, (t) F n,(£) where 22 = 22 = S,, 5. = 14272 + 14212 = A?S,,and 


2 т 











dle 


3 A2S, 8, 
—| = === ч 
р 


n2 = (п ) =n? 22N W . Thus, both outputs have = = 
i | М), 2NW 2М/ 





10.2-6 
For 0558, any noise component in f. — W < |< f. will be translated to ІЛ < W and cannot be 


removed by LPF; similarly, for LSSB, noise components in f, < | fl < f. + W cannot be removed 


by LPF. For DSB, noise components outside f. – W < |f|< / + W are translated to |f| > W and 


can be removed by LPF. 


10.2-7 G, (f) 


0 W1.5W (cont.) 
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With ideal LPF at output, №, = | ода = $ NW so H = =n = 24 
10.2-8 
USSB: y, (t) = 7A 2(t) + n (t), 5, = 5, 
м2 |" eka = N £[n(W + л) ал] = Ма (+ /2) 
D 0 2(f + f) 0с с с ove с 
Ж ет IIIS 1014 WJ/f =1/50 
| 5 E nep deo de БЕК 
DSB: у,()- Аб) + п,@), 5, =28,, 6, (1) == НЫ — БОР 
сир" Мы? Ш 1 rese M. е. 1+ W J/ f, 
Му =>, тайга = Nf, „еы ЕЕ Np mfi УН 
5) 25, 2W / f. Та W / f, 21/5 
N)p к УНЕ Шейн 1004 W/f, =1/50 
зүү 1-W/f 


Note: no significant difference between LSSB and DSB when W/f, « 1. 

10.2-9 

u(t) = Б АЕ) + п, (0) cos wt — Б АЖА + n) sin w,t 

y(t) = v(t)2 cos [w,t + Ф) = [+ Ад(%) + п, (1) сов o(t) + Б Ал.) + n,(£)|sin Ф( + 
high-frequency terms. Since ф(ї) has slow variations compared to х(2), 

y(t) = Б A z(t) + n,(t)|cos o(t) + Б A (t) + n,(£)|sin (t) = +A x(t) when 6 = n, =n, = 0 


which implies that K = 2/ А,. Then 


2 
2 2 
z-4-—n.|cos o + 
А, | 9 





2 
DES 
Ep 2 sin? ф— 2x 








ШЕЛ. + ceu ese 


— 27 





EE, | 
ШЕ 





ЕЕ 
А, : 





E+ Lasso] 
(cont.) 
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3. Se — 4 p e 
2 ^2 ^ — ШІ ты 
where x = $' = 5, z$ = 0, — = —, n? =n? = МИ, n =n = 0, пп 
г Д2 Sg i q 0 i q i 
с 








з 


, = 0. Thus, 
е- (8, + (5, + S, NW / S, ) сов? Ф + (8, +9.М / 8, )sin* 6 — 28,сов0 / 8, 
= 1 + cos? ф + sin? $ — 2совф + ow ф + sin? 6) 


But cos’ 6 + sin? ф = cos! ф + sin? ф = 1 so е -2(1-сов%ф)--1/ч 





10.2-10 

Envelope detection without mutilation requires Sp » Мр = NoBy, where By is the noise equivalent 
bandwidth of H}(f), so By should be as small as possible, namely By = B; = 2W for an ideal BPF. 
With synchronous detection, there is no mutilation and noise components outside 


f, - W < |f| <f.+ Ware translated to |f| > W and сап be removed by the LPF. 


10.2-11 





1, 
with 5, == [5] eee м=10 = ү = 3x10", whereas “, ~ 20. 
2410) 1+% E 


Thus, 4, = 1/7, = 1500 = 32 dB 














10.2-12 
› | 9 | 9 ; 
М» 1+% N W М, 
© 
4, #20 = |—= И. = 28 =12 MHz 
10.2-13 


yj (t) = y(t) = A, (t) + Aa(t) cos o, (0) — А, 


= Ас if n(t) = 0, so К —1/ A, 
== 





с с 


2 
2-4, — 1 с08Ф, 2л) |, 5, =1 


(cont.) 
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А? А? А 


с с с 


A2 
ё-вЇй VA + x’ cos’ ф, в. совф, +2 Ат 


Pace = 


where 2? = 1, z = 0, А? = m = 4N W, А2 = JTN W, A, cos, = n, = 0, совф, = 0,. 


—— if 1 
сов? ф, = 27. соз 9, dà, = 2, А2 = 28, /(1+5,) = Sp- Thus, 


NW NW - 
0 Lom c ур Em with ^ « ^, = 20 
S 2 S S 2 ^I | 


R R R 


2_ 4 
Є-1- 








10.3-1 
Мо отара кто" 


РМ: N, = NW/8, 24x10" х 500 х10° /10х10° = 2 х 107 
5 = 3 = —20 343 шог 5 
ЕМ: №, = NW? /38, = 4x10 "(500x 10? /3x 10x 10? = 1.67 x10 


Deemphasized FM: N, = N,B,?W / S, = 4x10 "(5 х107)500 x 10* /10 x 107" = 50 





























10.3-2 
5 : 2 1 N P NW? po X 
N = H G (f)df < — df = —— | — d) 
~ UM ІШ 49 Тр ai 28, у 8, J, 1+" 
NW: NW? 
« MW 20 x — ifn» 1 
S, зш(3т/20) 35, 
10.3-3 
М 2 N f 
G, (f -2-21Н(Ү-11 2 == 6 (ђ= — 
JD raro +) 14 Qf / B, «Л 29. 1+ (2f/B,) 
yA М В, з 
0 ІШ ај = —= а А 
428 Jo 14 2773 88, |В, В, 
Б] Р 
_ бр N В, з NW? 
2 Іш 22] КО ы А Бек. B, >W 
88, 3| В, 85, ЗВ, 35, 
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10.3-4 
NS Те kT (T/T уез4х10:5510г54х 1075: ле (WS а 07:7500х407г54 





























9 ш ; 
FM: | = 3075, —— =3x 4’ x Е 1: = 240 x 10" = 53.8 dB 
N jp “МИ 4x10 ^ х500х10 
Deemphasized FM: 
2 5 \2 
© 5 2х10° 10” 
H | ee) gos | y E = = 800 x 10" = 89.0 dB 
№) (В,| "NW (5x10) ^ 4x10? x500x10 
10.3-5 
W 1 N 
p^ f sat df = “arctan — 
WI+(f/B,) 28, 5 де 
S 29 S W/B 2 
PETEA nup лв 
№)»  N,B,arctan( :W/B,) | arctan(W / B,) v B, 








10.3-6 


= ом „26 пу 
= f?r = [2 = ERAS 6 
S, = Ра? = [2/2 and М, af 2 3$. df 8, x x10" зо 








5 =i p23Xt = 290 = 24.6 dB 
N), 2 26 М, 
10.3-7 
W (jp y N N B 3 pw/s, 7 N B,3 рә ; N B? 
N, 221 е! Ва) fe A 0 de 1 хе dX < 0 de f ааа ах--<-“ Ут 
0 5 0 5. 0 5 4 
R R R 
2 5 2 
(E) > 2455, 24181 „ 
№ VIN, B iè Ут B, W | 








Improvement factor > (4/ Ут) (У/ / В,) z 770 when B, =W/7 


10.3-8 
м: (S/N), = 6,28,4 = 10° 


FM: D = 6, Юг same Ву, so (5 / №), -(///В,)%,25, = 10° x 10° = 50 dB 
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10.3-9 
(S/N), = (W / B, DS, = 20W / B,  D'(D +2)5„ р >2 


20x 5°D?(D+2)/2=10? = D'-«-2D'—400 =  Dz6.7 (by trial and error) 
В, © 26.7 +2)х10 = 174 kHz, 5, > 20(6.7 + 2) х 10^ x 10* = 17.4 mW 


10.3-10 
и = 20М(%,), (S/N), = DAEN = 20М(Ф,)9,29, 


ф, Ст, М(т) ~ 2(т +2), 5, <1, so (S/N), <40(т--2ут” = 2030 ~ 33 dB 
10.3-11 

IF input = А, cos[w,t + o(t)] х 2 сов (ы, — ©) + K,(t)| 50 

v, (f) = А, сов| шу, + Фа ()] where 6,(5 = Ф() – Ko, (t) 


1^ fi ol; 
a. Фи (В Z ж OM in LK a(t) = эт Фб 
ЈА р 


(1+ К)’ 1+ К 





Thus, у, (t) = 





апа D = 


10.4-1 
8221/2, (S/N), = луб (ЕАУ = 108, 
(a) (S/N), =108, = S,=1kW 


5 1/2 
(b) p=1, Ш- ез, > 8,-39 М 








5 1/8 
d. К = 108. > 8,—9kW 
n =) eer ш. т 


(с) (S/N), 2 х+х105, = 5,5200 W 


(d) (S/N), =30* х4х108, provided that ^ 7» ^4, =20M(D) so 5, >2M(D) 
р Т th Т 


(cont.) 
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D | 104/15D? | 2M(D) S, 

1 667 5 667 М 

5 26.7 14 26.7 УУ 

10 6.7 24 24 \ Threshold limited 























10.4-2 
S, 21 (S/N), =10*, y= 5, /LNW = 55, 


(а) (S/N), =5S, > S,=2kW 


T 


S 


1 
= ——59, > 
1+1 


ІЗ = 213 55, = 
N]p 1-1/4 


$,—4kW 





мін 


p= 5, = 10 kW 


(с) (S/N), 2 x1x5S, = 5, ~ 200 W 


(d) (S/N), = 30° х1х 55, provided that 4 > 4, = 20M(D) so 5, > AM(D) 
































D | 104/15D? | AM(D) S, 
1 667 10 667 W 
5 26.7 28 28 W Threshold limited 
10 6.7 48 48 W Threshold limited 
10.4-3 
Lodge qv EE ЕЛ ИТО 1079 9 ро 


(ау CS NT «еліге 0 x19 m 


d "i 2 EST 





(c) (S/N), = х2 xiy = 6x10" x107” 


(S/N), =3x8 x37 96х10" x 107%” 


1 
3 


= 104 


= —х10'°х10 e 


=> 


= 104 


6 = 10(10 — 4) = 60 km 


= 10° = (= 1000 4 + log, 6) = 67.8 km 
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=> 


£ = 10(10 – 4 —1og,, 3) = 55.2 km 


=10' = £= 10010 — 4 + ог 96) = 79.8 km 





10.4-4 


_[4хх3х 10° 


2 
| -1.58х10 7 апа 4, x9, = 52аВ= 1.58 x 10? so 
310° | цас. 





NS В 10° 
LNW P 


(а) (S/N), 24210 /P =10° = = 4/1000 = 31.6 km 


211) = ут 10 [SP eae = ¢=,/1000/3 = 18.3 km 
р 





(с) (8/М),-3х2 хїү-6х10/(-10) = (= 46000 = 77.5 km 
(S/N), —3x8 xi4—96x10 / —10! = £= 96,000 = 310 km 


10.4-5 


1/2 
ам: [=| = / 4-20 > = 60 
N јр 1+1/2 


ЕМ: 42 ү, = 20М(0) = M(D 











bod) = 60/20 = De яз 1 


(S/N), = 3D! x44 = 90 = 19.5 dB 





10.4-6 
At output of the Ath BPF, 
kW, 
5, = (Ло, 212 = ор, М, =2 ШЕ e Куда —(k—1)'W,!]. Thus, 
(k-1) 5, 





2) = fo^ 
М), (Bk? —3k +1)(N W} /35,) 


0 0 








10.4-7 
a? 35.12 М Из 
H A— wa’ _ 5 = a} = С(ЗЕ? —3k +1) with C = —{— 2: 
Nj 3k —3k+1NW3 М | 3572 № 
==. KÆ K K 28 2-1 1-1 
т2 = Е ажа то по T отут, where 2,7, = | ___ | (cont.) 
К=1 i=l ^^ k=1 i=l та = 0 1 = Е 
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EM 
| 
ДУР 


К К 
a 21 увеге У ^o? = CN 7[3E? — 3k +1] 
k=1 k=1 


> 
|| 


1 


K(K +1)@К +1) _„К(К+1) 
6 2 


1 
к 








-ep к CK’ =1 > С 











39 f? ma 
=| no ПА 1 2311 Ё-| where W = KW, 
e N NW К И) NW 


0 


10.4-8 


2 EN NB 
(a) G, (f) = |H, (f) G (f), па = == 


В 


G (P =E |G - 4) + 6, + 4) 


N 
x 5.3 x10" — 
S 


W 
—— — arctan — 
B R 


de de 














_ 2 К, 2” 21 _ 2 М, 5 : Жк 
ЕЛЫ ШЕЕ Еа 


— N PHR 2N юув, X и/в, dd 
2 = 0 V що В? d^ + B, f? 
Е Ја 1+(f/B,) f 8, | 2 IFN A © 











57 


В 


де 


—1 
© В 


R de de R 


_ 2N,B,! | w 














N __ 
шороо x 8.8 x 10° — > n? 
B S 


(b) y, — у, = fle, аа: +„)-+Ет, —n, & 2f,z, —n,, since n? № n? 
у +Y, RU Tum. —,)- n, +n, ғ2/27,--п,. Thus, 
(S/N), -(8/М), = Qh, ae [Me = 15x10 f28, / N, 
For mono signal with z? = 1, (S/N), = fer [ng —1.9x10 “128. / N,. Thus, 
(S / N) (stereo) /(S / №) (mono) ~ 8 x10? = —21 dB 


10.6-1 
N EXT GJ и =1/12x10° 


(cont.) 


10-15 























B азар | |58258 — ПИ 500 х 10° 0.4 x 10 x 10? 
М)» даж, ју NW 12х10 1.2 х 10" /12 x 10* 4x10 7 x 500 x 10" 
= 2.78 x 10' = 54.4 dB 
10.6-2 
NOS kT eT. ae )=4x10™ x10=4x10™, р, = ит, = 0.2/ 50 x 250 = 16 x 10° 
| 0.19 
8) =. - 4(16 x 10°) 3 x 10° ШИЕ | — __ 
М)» Іт, 250 / 50 х 250 ) 4 х 10 7" х 100 
i ien > 5,226 pw 
10.6-3 
H <4х20°5 4 = 505ү. But with p, = ши Т € and B, — 20W 
8 T T p 0 0 T 
№), Í Í 


Ay 2B W 4 1 
SH Жы ин т -> H 5 288 9, 8: 9.85, 
5 











17, Í N 
10.6-4 
5,-9 А°т+/4°З3т = А = зей c DS т, =т= ЭН 
LAT + f Зт 12157 ‚=й, US, T, р 
4u 2В „А? ову 8 
апа В, = 400 кн», so {=| as SE ga, ш 298 = 2492 
М} N © 12/т “NW 


10.6-5 
Sp = Mf AT > МАВ. = Æ <B,S,/ М}, 











ae je: ld. 1 B, - 2Mf, 
lom аиту еседен cete em 
21M 2\М} 8,| 20 МВ, 
2 2 
= B? В,-92М 8 B. ү 
s] <|- 2Mf, 25: = T J; Hig R <2 ЕРТЕ 
№), MfB, Mf ^ MfB, 1) MNW Ми) “м?” 
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Chapter 11 


11.1-1 

> |“- T, ->і єт, 
11.1-2 

FPES FS. 

->і eT. > we T, 
11.1-3 

>\ Me T. ->і ~ Т, 
11.1-4 

— т, => Е-т, 
11.1-5 

t 

к = 


~ т 


11.1-6 





а, Nat. code Gray codes 
TA/2 111 100 010 001 
5A/2 110 101 110 O11 
3A/2 101 111 100 111 
А/2 100 110 101 101 
-А/2 011 010 111 100 
-ЗА /2 010 011 011 110 
-5А /2 001 001 001 010 
-7А/2 000 000 000 000 
11.1-7 


(а) ђ = 16 20,000 = 320 kpbs, В > 55 = 160 kHz 


(b) г = 320 kpbs/log, M € 2B = 120 kbaud 
log, М >320/120 = 267 > M 22-58 


11.1-8 


(a) 12822! = 7 bits/character 


5,2 7 x 3000 = 21 kbps, B2 2^ 10.5 kHz 


(b г = 21 kbps/log,M € 2B = 6kHz 
log, M 221/6 = 3.5 => М> 2' =16 


11.1-9 


(a) p(t) = g(t* 1,) — 80) 





Р(0)=К,(-е”)=1 -К,- 


K yet? 1 ~ = -2 t/t, 
жііш е 
sk for t6 
en LLL НАС. 5 ТУА t 


11.9 continued 








f, y(t,) ISI 

0 1 0 

1 le^ =0.135 0.135 
2 1-16 21.018 0.018 
3 К,1-е7)-4167 =1.138 0.138 
4 K,- e% e? + le* = 0.154 0.138 


11.1-10 


(а) p(t) = g(t* T,) — g(t) 









БО) = К,@-е!у=1 = K, =- l =1.582, 
-е 
B() =е 
Корк) fort > 0 
t 


-T, 0 To 


(b) 





11.1-10 (6) continued 





f, y(t,) ISI 
0 1 0 

1 - + 1e! = -0.632 +0.368 
2 l- le! 4167-0767 -0.233 
3 К - е) - le? + 1e? = 1282 40.282 
4 -1 + K,(10-e?)e! - 16° + le^ =-0.528 +0472 


11.1-11 


p(D) =e" 4001 = m(bDy21nl00 where D —1/r 


P(B) 


=e bY <0.01 = m(B/by > 11100 
Р(0) 


thus л(Б/ r)? х т(В/Ь)° > (1п100)^ = г < 1558 = 0.7В 


11.1-12 


т„=а,=0, о. =a; 0X P(f)= = sine ~ 








2r, 2r, 
2 
f 
G = е 
= С,(/) 167 sinc 2n 
A Gf) 
16 
0 2, 4, i 


11.1-12 continued 





D> "eo 2 
| нас” af ша 


ty 0 7, 8 


п = [6,004 22 


А waveform with polar RZ format, amplitude = + А/2, period = Т, апа 50% duty cycle 


– а [4] 4 
Т, (2 8 


11.1-13 





m, = A12, dA. с2= 4? /4, Р(/)-(твіпс2/т)Д1-(2/т)71 
(а) т-1/2,, Р(0) =1/25, Р(+ь) =1/4ђ, Р(пђ) =0, |4>2 


G-r PF T: = | aso E СЕ 


x(t) 





т-1/қ, P(O)=1/r,, Р(пђ) =0, n #0 
G «0-4 ЇРОЭГ LE Б | 5(/) 


x(t) о о оо 


је 2Т-21, шы) 


11.1-13 continued 


GC) A xn 


ЖЖ” 
41, 


0 fy 21, j 


Note larger dc component and smoother waveform. 


11.1-14 


— A 

=a, =4—+ (1-0)(-A/2) = (20 —1)A/ 2 
= Е ott ыг oe o? -[1I- (2a - 1» ]4? /4 = (a- 07 ЈА" 
a; 20(A/2) + (1-0) (-А/2)? = A*/4 





Pf) = Пт вето 2621 


5 


| ко 





(2а-1УА 14 





Ї 


0 n/2 


(а-о?) 


7, 


х = [6,004 = А? х2 5/2 + (24-1)? А? /4= А? /4 


11.1-15 


pen э, | g( 1-574 
1.12 T3 


1 













1,/2 
-1,/2 


11.1-15 continued 


Р(Ј) = учее" edge ye жао зіп 2 


һ 2r, 


а, = £A/2 => m, 20, © =а = A? 14 


2 
Ge ane qe. 
4r, 2r, 2r, 


G,(f) 





22 А'!8г, 


11.1-16 


К. (п) = Еа, ,а,1 


п=0 
а, Рау) 
0 1/2 
А 1/4 


= R0) == х0+2х ТА? = 422 


11.1-16 continued 





п=1 
Ораг. 24% P(a, ,a,) 
0 0 1/2 x 1/2 
0 1/2 x 1/4 
0 -A 1/2x 1/4 
А 0 1/4 x 1/2 
-А 0 1/4 x 1/2 
А -A 1/2х(1/2)? 

A/D l ge 
-A A 1/2 x (1/2)? 2 
A A 0 

not allowed 

-A -A 0 


карет х0+4х = х0+2х (АСА) =—А°/4 
п>2 


Akn а, P(a, ,а,) 





0 0 1/2 x 1/2 
0 A 1/2x 1/4 
0 -А 1/2 x 1/4 
A 


0 1/4х 1/2 
-А 0 1/4 х 1/2 
А -А (1/4)? 


-А А (1/4)? 
= РОРО) 
А А (1/4)? 


-A -A (1/4)? 


Rn) = х0+4х = х0+2х TACA +2х = (tay =0 |n| > 2 


11.1-17 


у у gk-i = Y, [g(k-K)+g(k-K-1)+....+g(k+K) 


к=-Кї=-К 


[8(—2К)+ g -2K +1)+...+ g(0)] 
Ңе(-2К +1) +....g(0)+ g (D] 2K +1 sums 
+2(0) +201) +...@(2K)] 
g(-2K)+ 2g -2K +1) +.....+ (2K + l)g(0) + 2Ke(1) +...29(2K —1)+ g(2K) 


Y (СК +1+ n)g(n) Бок» 1—n)g(n) 





= у ск+1-тат=ок+ђу, caes eo 


E[a,a;] = Ela,a, , ] - R, (k-i 


thus, p, (f) = Y Y О where g(k — i) = R,(k-i)e /* Р 


К--К і--К 


=(2K +1) у {сы R (n)e ^"? 
n-2K 2К +1 | 





(5) xp) = у [ар,@—КТ,)+Ь,р„(@— KT; )] 


К--К 


ХО) = Y [а R Cf) tb, P. (Де 7°? 


+ је, 


IX GO[ = Y Y la B b B." la, P? b, је 
k i 


+j 88-41, 


= } Yaa PPh +ађрРћ, +a b, E P, +ЬЬ,Р,ЕДе 
К і 


11.1-18 (6) continued 


ltA- ВВ+ БР; and B= BE РЫ +PP, +PP} = |P + Б. so 


E 2 |_ ejl jek -i)T, | _ “ЈЕ 1 <1 - jak -i)T, 
lx cof |= У 45 т — Ве = У, qui 
= 


к=-К k=-K i--K 


2K +1 





08 5. uL 2 үз Ма оф ar 
thus, EIX O| 1- |R -P| +В +В у Ye › 
k--K i--k 


Hence, Gf) HRA -ROP +2 У |А ons.) + В, 80 ап) 


(c) Y Y e Pt = (2K +1) у |- с 





К=К і-- п--2К 
2К +1 п = jonT, 
so ЕХ, G[1- H- ВР] 25:14 p | 
1 2 
С —— — HX 
Af)= imar, уђу АР) 





2K 2K 
кыс 23 1 2 * = jonT,, = 1 —jonT, 
ES М АЫ. lim « Кут," | 


1 1 Ч = јепђ, 
73 Ih tgp + АГ, = o" 
where –=> апа y ge. =È (У 
5 п=—оо Т; ош 


Hence, 0,07) =N-RO + у Рок) +P (nr f S nr) 


11.2-1 


P, -o| ff /М), јео => (SIN) = 2 жал =192 


Polar: P, = О (577), ) = 004.38) = бх 10° 


11-10 


11.2-2 
Р.-О(А/26)<10% = Alo 2476 
Polar: 4.76? € (A/20)? < 5, (М,,/2) = 8, 24.76 x 2 х 10° 20.113 ИМ 


Unipolar: (A/ 20)? < 25, ((М,,12) => 8, > 0.226 uW 


11.2-3 


(a) From symmetry 


oo 


1 | тен ду = Јафе 
й 2 





У =0 => P= = | р„(у+А/2)ау= 


opt 


267% 
Р/(УІН,) РАН) 
у=п-А/2 у=п+А/2 
у 


-А/2 0 А/2 


(b Р <10° = А//2б? > In — А > 8.6 
Х 


Gaussian noise: P = Q(A/20) < 107 = A > 626 


Note that impulse noise requires more signal power for same Р, 
11.2-4 


(a) From symmetry, P =P, 
= P(y < Ole ==) + P(€ = —9) + Р(у < Ole = со) + P(E = со) 


1 А- 20 1 А-2о 
-39| 20 јој 26 | 


рү(УІН,Е--о) р,(У!Н,Е-0) р,О!Н,Е-0) 








о А-2а А+2о. 


NI 
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11.2-4 continued 


P, (УНЫ, г=-о) P, (y|H,, c=) 
| 
! ! 
0 А-20, Ағ2о 
2 2 
(b) (А+2@)/2с = (1+0.2)4, 
1 1 
P =—0(82)+—0(4.8 
2 29 )+ 29 ) 
= 204 х 10* +8.5 х 107) 23.7 x 107 
Не-0, then P. =0(4.0) =3.4 x 10? 
11.2-5 


(а 


~ 


From symmetry, Р, = P4 
=Р(у < 01Е =—оо)Р(Е =—о°) + P(y <Ole = 0)Р(е = 0)+Р(у < Ole = а) P(E =Q) 
] (А—20 1 А 1 А-20 
=— +—Q| — |+— 
10 26 | TJ 12) 26 | 
руб\у!Н\|,& = -0) Рү(УІН,,6- 0) Рү(УІН,,6 =) 
(b) (АҰ20)/26 = (1+0.2)4, 








1 1 1 
P =–082)+–0(4)+—0(4.8 
8 44 Vr QUE Ok ) 


- Ax 107 + 34x 10°42 х 8.5 х 107) =2х 10“ 


Ife =0, then P, =0(4.0) = 3.4 x 107 


11-12 


11.2-6 


1 12/262 
p, Но) = р,(У+А/2), p, 1H,)= p, (у–А/2), p,n- 
210 
eV tAl2y /207 = P 1 e 7421 267 
216 2 216: 


У +А/2 V –А/2) 1 /26 VAIS? 
p | p =е 7 у )/2e* — ру! 


so К 








2 


Hence, VA/o? =In(P,/P) = У =^—щ(Ю,/ B) 


орі 

















11.2-7 

а, =Р, ағы +Р, ан: -0 when V=V,, 

dV dV dV 

ККК КЕ UO a Г з 

=— у, where a(V)=V, = оо, ‚у)=р, 

dV ау E. y)dy У, У) = руку 
| аку) 9 

-0-р,(УІН,)%0 since JU = 0, Sv POCHE SG 





dP. 
similarly, —=0+ р (УН) + 0 
у JV р,( | 
hence, - Бр,(УІН,)-Рр,(УІН)-0 => Бр, УІН -Вр,(УІН,) 
11.2-8 


(S / N), =20 dB=100 





1 
Regenerative: Р ғ 200 | 4100 | =20 eg!" = 15х10” 
8 ° | | J2x100 
Nonregenerative: P, = о, s X 100 = 0(2.24) = 1.2x 10? 


11.2-9 
Regenerative: Р, =500] (S/N), |-10% = (S/N), =4.62 
so (S /N), = 21.3=13.3 dB 


Nonregenerative: P. -o рс iv, en => fants /N), = 3.73 


so (S / N), 250 х 3.73° = 696 = 28.4 АВ 


11-13 








> 
= Љ 
Ч = tt, 
— ~ ә - 1, Эт, 
j 0 tt, 
Т,/2 м erf 
а, 
0 
т 2 t.* T, 

-а,/2 -а,/2 
1, =5 +1,/2 
11.2-11 

Л: АК, EM A ЄЗ 
(а) 0<:<7,/2: Ap) *А(0) = AK, [е AN, m 22) ШЕТІ е и) 
0 
f AK етін 
[2 T, /2: Ap(t) * h(t) = AK, Í e ^qX = E 0 [27—57 —e™] = Ae | 
1-Т,12 
А 
In(10) 
Ae**«0.1A = b2 =2.3г 
жээ” Т» x 
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11.2-11 continued 


2 Ko No pr ds КОМЕ 
(b) о ЭГ Mop ar — 00 | "edt = : 
ie Au o 
Е = а? ар =— SS 
(76 | РО 2 2 4, 
2 
ДЕ, 4b 4 
thus, tJ = ло у, = е < 0.812y, if b > 2.3r, 
о 0 0 0 
11.2-12 


(а) 00/2у,)-107 = y, -> x 3.7, 5,2 Му, = 34.2 pW 





(b) 2 150 ra 3: 10* = Q(0286y,) =17 х 107 


Ї 





y, = 0.286 х 3.6", S, > Међу, = 227 pW 
11.2-13 
3 
Ж Барс ее, о Же ena 
log, М 16 








15 6х4 
2 —10* 0.0941y, )= 2.13 х 107 
«d 255 3 > OX Y.) 5 


o Y, = n x3.55/, and 5, > N,r, Y, = 670 pW 
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11.2-14 


М-1 |6001 М 
With matched filtering; P, = 2———— o| | 2 £ 
M log, M М“-1 
М ,.M-1 [ботов М 0 Р, 
M log, М МГ-1 





4 0.75 8.94 «107 «107 

0.583 5.35 4.5 х 10° 2.6х 10° = take M =8 
16 0.469 3.07 >107 >10* 
11.2-15 


Е] 


1 2 2 2 А | 
=2х ү! 3 e (M —1) 12| 











А2 М [2 5 А? М /2 5 
- 214—1)? = 4i? —4i +1 
MLF ) ТЕН 1+1) 
А? М /2)(1+ М /2)(М +1 М /2)(1+ М /2) M А? 
_ A (M204 M им +0) MIDU+MID M] ao y A 
2M 6 2 12 
11.2-16 


Let m = regenerated m and consider т = 00 





-3A/2 -A 0 А 


Р(т =01) = О(А/26)- О(ЗА/ 26) 1 bit error 
P(m =11) = О(ЗА/260)—06А/20) 2 bit errors 
P(m =10) = О(5А/26) 1 bit error 


Similarly when m = 10. 
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11.2-16 continued 


Now consider т = 01, and similarly т = 11. 





Р(т =00) = О(А/26) 1 bit error 
Р(т =11) = Q(A/ 26) – О(ЗА/ 20) 1 bit error 
Р(т =10) = О(3А/26) 2 bit errors 


1 
Thus, „= 2x 210% -QGb]«2[9 G0 - O6k)]+ О(56) 
«2x HOW +O- 06h] 2009) 


= = O(k) + оов) - + 065k) = 50) whenk > 1 since Q(5k) << Q(3k) << Q(K) 


11.2-17 


Let m = regenerated т and consider т = 00 (similarly for т = 11) 





-3A/2 -A 0 А 


Р(т =01) -0(А/20)-0(3А/20) 1 bit error 
Р(т-10)- О(3А/26)- ОБА/ 26) 1 bit error 
P(m =11) = O(5A/20) 2 bit errors 
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11.2-17 continued 


Now consider т = 01 (similarly т = 10) 





Р(т = 00) = Q(A/20) 1 bit error 
Р(т = 10) = О(А/26)-О(3А/26) 2 bit errors 
Р(т = 11) = О(ЗА/2с) 1 bit error 


Thus, P, = 2x 21009 -О(30| 2 О(38)-0(5Ю| 20650) 
+2х How) +2[0%)- O(3k)]+ 2088) 
= 200)-- QE) 060 = 20(Ю) when k > since О(5Е) << OGK) << O(k) 
11.3-1 
ру) = зтст /2 
ie ene ne КЕ; 
2 n 


No additional zero crossings. 


p(t) 


0 D 2D 3D | 
zx | P(f) 
* 1/r T 1/r 
f f 
-/4 0 г/4 -г/2 0 г/2 -3r/4 -г4 O г/4 3r/4 
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11.3-2 
Pe) = sinc (2ғ1/3) 

1 
p(t)= sinc =" sinc л,— = D 


* 
Additional zero crossings att =+3D/2, +9D/2, +15D/2.,... 


p(t) 


0 Ї 
2 30 

"3 Р(0 

= | ir | 

ES => 1/r 

f 
4/3 о из 490%! 506 1140 d 578) 
11:3:3 


Given В = 3 kHz 


(а) B= +В, 100% => В=г/2=› B= 2 a r= r= З kbps. 


E E E аве 
4 2 4 4 
5 
(с) 25% ВЕ В+" r=4.8 kpbs 
11.3-4 


Figure P11.3-4 are baseband waveforms for 10110100 using Nyquist pulses with 
B=r/2 (dotted plot), B=r/4 (solid plot). Note that the plot with В=7/2 is the same as the plot of 
Figure 11.3-2. 


In comparing the two waveforms, the signal with B=7/4 exhibits higher intersymbol 
interference (151) than the signal with B=r/4. 
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11.3-4 continued 


p(t) 





time, D-units 


Figure P11.3-5 


11.3-5 


(a) Given В =г/2 + В where В represents excess bandwidth. 
With a data rate of г = 56 kpbs = theoretical bandwidth of B = г/2 = 28 kHz. 
But with 100 rolloff = 100% excess bandwidth = В = r/2 = B = r/2 + r/2 = r = 56kHz. 


(b) 50% excessive bandwidth 2 B=r/4 => B=r/2+r/4=3/4r=> В = 42 kHz. 


(c) 25% excessive bandwidth > B=r/8 = B=r/2+r/8=5/8r=> В = 35 kHz. 


11.3-6 


Р T nonni А 
рій СО$ ДАЙ sinnt 2 _ sinc a 
1-(2rt) Trt П—(2т) п" 1-(2rt) 
Att=+D/2=+1/2r, sinc 2rt 0, and 1- (27)? =0 
sin2nrt 
2nrt[1— (271) ] 





So use L'Hopital's rule with p(t) = 


<sin2m -2nrcos2mrt, < fonni- (21)? ] = 2nr – 2417 
Ї Ї 


+ 
ТІ. +1 г 2лсоѕ(+л) bs 1 
2r 2лг-блғ 2 
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11.3-7 


5 cos V ril £ 2 
AUP) = 5995 28 14) Р(7) 
15 | 
4В 1/г 
L4 == r 
-P o p -r/2 0 r/2 
r EI TAI na 
15-20 т =; | coso do- ШЕ 
r r Жу ONE iaai . 
"a ол Hou се = тыш 
2p 
p ЕЕ Hroty- 0 
1 2868 
= ap r/24 p) 
1> +В, Р(/)-0 


Since P( f) has even symmetry, 





l/r || < ”/2-8 
Р(/)- -cos АА г/2-8) r/2-B<|f|<r/2+B 
0 |f|>r/2+B 
д? 
Qt nf 
= = ) № — cos? 
py(0 = S [RC] sl cos дее ар 73 BI nft df 
_ Л | віп2л//- n/2pp | sin(2xrt + x./ 2p)p zb d 
2B| 20лғ-л/20 В — 2Qmnrt- x/20p 48-1 ары 
Thus, p(t)= py(t)sinc rt = соза, sinc rt 
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11.3-8 

ба) sf моју ви -м»/ = МӨР уне! = P(f)* 5 ЈУ -n1 D)| 
=r} P(f-nr)=1 

3 > р(КР)б@ — D) = Ур) g no 


j 1 k=0 
Thus, kD) ce?" =1 огап kD) = 
з E „з | k#0 


(b) 1-р 
r 


P P(f-r) P(f-2r) 
1/г=р -- — m 
! 
f 


Clearly, Y P(f —nr)-D 


П=-со 


11.3-9 


(a) Conditions: Р(/)-1/7 |f|<r-B and P(f)+P(f —r)-M/r 
for r- В < |/|«B 


| Р] P(f-r) P(f-2r) 


0 FP I p r 2r-p 4 г+В 
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11.3-9 continued 


(b) Condition: P(f)-l/r  |Д<В-ғ/2 so P(f) = 214) 
Г r 


P(f) P(f-r P(f-2r) 


0 В-г/2 r 3r/2 


(c) Can't satisfy the theorem when B « r/2. 


P(f) Р(Ғ-г) P(f-2r) 


0 В г/2 г-В r г+В 3r/2 


11.3-10 


We want smallest possible M to minimize 5, 

үш--2--428 = logjM2-L--15 ә takeM = 2!-4 
log, М 2B 

r =r,/2=300 kbaud, B= В-ғ/2-50 kHz 


Р„=2 2 Ж ei > о] |3 10° = 43493 





4x2 20 20 20 








2 
A $$ 1 
ын жола лы ea een el 
2б) 15 Nor 12 
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11.3-11 


We want smallest possible M to minimize S; 
r2.—L— «2B = log M2-2--225 = takeM = 2-8 
log, М 2B 


r-r/3-2200kbaud, B = B-r/2=20 kHz 








Poss гө Alege SO Лаг Hie sas 
20 20 








8x3 (20 zi 
2 
A S 
A _ 6х3 К so 5, = LS, 2 5 A A Мп, =3.61 W 
26 63 Nor, 18 


11.3-12 


We want smallest possible M to minimize 5, 
r=—*_<2B = log, M>% =315 = ше М = 24-16 
log, M 2B 


r=r,/4=150 kbaud, B= В-ғ/2-5 kHz 


pmo 5 о) => ЕЗ IPLA TU 











16x4 (2с 26 20 
2 
5 
A алман ан S AU S107 W 
20 255 Му, 24 


11.3-13 


(а) Р(/)-1/ғ сов (nf /2r)II(f / 27), РЈ) = узше 29, r — 20,000 
r 


cos’ (nf / 2r) 
1+ 3x 10°|f| 
80 (1+ 3 x 10°|f)cos*(af /2r) 


IH, GP. = 5008 П(// 27) 
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11.3-13 continued 


0 
„= у ч 











1 
ыс; 
/5004” 
б 10 2) 55 
(b) АЕ Үй 105 = == 475, &]. "wm г? 
where 1 = j PIG. = 2. os” сэ x 10“1/) df 


-3 r 
- 2 fa. 3 x 107 f)cos? a df -10?|4- ae 2.78 x 107 
Р 4 2r л? 


2 
Thus, 5, > ЕЗ = 2x10' х (2.78 х 103): x 475? = 3.49 W 
б 
11.3-14 


-1 эи ТИЕ а 
(а) РОЗА ARI P(f) тэн к-100 


Ip. GO вузах п 2. 
лаар 


sinc’ (f 10) (r 


r 


HD = 


= T eH (РЈ since sinc’ (f /10r) «1 for es 7/2 
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11.3-14 continued 


На 1.7х105/4: 
1054. 


50 
2 
35 
OE RS E Sie 52 сэ эг 2086 ды 
4 J^ | 20 26 20 | (16-Dr 
r/2 -5 
where y= [ER - d; = — 1432 x 107 Ра 
2 712 
eo (тете Раң = 2110%75+ 299 m Уз? |; = L81x10? 
“272 2 


2 
Thus, 5, > 571" IN = 500(1.81 х 102) (4.85)? = 3.85 УУ 
б 








11.3-15 


(а) 







Р (РЭН, (је Р( ўе /® 
Pf) : 


С, Cf) N,/2 


P (ie KP H e PS: PSK PAL 


since P( f) is real, even, and non-negative, p(t) is even an maximum at t = 0. 


5 -1 
-1 > K-| Н | 


«|, о? =(М? - ПА? 12 














р(0) = 


== | 


—oo 


G (f) = o;rlP, 
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11.3-15 continued 








Т М2-1 T 2 
S, =K? | б (ар = K? ——A’r | БСГ 
; | „(Рај т ! GO df 
2 
Thus, A 21 _____ у - 2К _ 35, 1 
б 4 = N, (М? - у 


(M?-)K*r РО 


м, | 
Ре 
PHAI df 


d 


P.C ар 








= No f 
where [нк ES 





2. 


5 | ва j df 
O 5, = Пн. кару = зе == == 


Р 


x 



































"несе [E FIEF a 
рѓа 2 [Ip n. d 
Thus 2) - : ! айы 5 ! 4 cl A 65, 
| Simp = R 7 тв RS 
26 (M^-Dr ін f P. 2. м, | Р 2 (М-М, 





мг |Р » DL 
њи = ae TL на = Peele 








x 


2 со 
шон Mer [р 








24, M^-1,4 [NL 17 T а 
dfe. лї] ІР where | |Р) =1 
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11.3-16 continued 














ro. Ny BE g7 P 
EE d 
FEN tle! 
4 Е 41265. 8 ir 2 5 68, /1. 
Thus, |— = т 
20) 4 (M?-l)r УМЕ № 8 К(М -DN,r 
where pb РОЇ 
ТН (0) 
X x тратта а, 
(b) шаг ЕЗ) {27 Jw = [со Е ІМ х | y 
que ap us 


= Ч cos un | X? cos? AdX 


Stee г ті 1521 83ав 
|48 8 


11.3-17 


1.0 0.4 0.01 с, 0 
0.2 1.0 0.4 || с, |=|1| = с, =-19/21, с, 225/21, с, =-5/21 
0.0 0.2 ТО c 0 


1.0 k=0 
й (og, 23g = -019 k=-2 
M 2159 PT 21 -015 kz2 
0 otherwise 
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11.3-18 








le Ofc 0 160 
In =|1| LetA =|8 1 &=1- 266 
0 8 llc 0 0 8 1 
0 е 0 100 180 5 
с=с] р КОТ, Oa) Жэ: а-1 AE КУ 
061 001 060 
11.3-19 


1 0.1 00 00 0.0 ][с,] ГО 
1.0 0.1 0.0 0.0 0.0 |с, | |0 
-0.2 1.0 0.1 0.0 0.0 [| с, |= 1 
0.1 -0.2 1.0 01 00||с | |0 
0.0 0.0 0.1-0.2 1.0 [| с, | |0 
Solving yields c, = 0.0094, c, --0.0941, с, =0.9596, c, =0.2068, с, = –0.0549 


Da (,)5сРь t сабы. сой, +O Ва t obs 


0 k < —4 
0.00094 k 2-3 
0 К =-2,-1 
JI k=0 
210 k 21,2 
—0.0468 k=3 
—0.0055 К=4 
0 k25 
t, -k* 2D 


worst-case ISI now occurs at =3 (t = 5D) but has not been reduced significantly in magnitude. 
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11.3-20 


(а) h(t) = sino rt + 2sincr,(¢—T,) + sinc r, (t 27,) 


b r, 7, 7, 


1 | 4 
=—П | ) | + cos2 en = — cos? UE | = 
I, 7 7, һ һ 7, 


IH(f)] 4, 


H(f) =—п Ey og f ure | = „| pesar Ји 


f 
5/2 





(5) а, =а + 2а, Fagz 


' 1 ! ! 1 ! ' ' 
-|" = Ре -1+ am зу - (т, РЕЙ -2)А 





т, т. т, а lA 

0 0 0 -2 

0 0 1 -1 

0 1 0 0 

0 1 1 1 

1 0 0 -1 

1 0 1 0 

1 1 0 1 

1 1 1 2 

Thus, 
2A m, =, =M, =1 

ЖЕЛГЕ ун 

у@,)= {0 m,,*m, тұ-т,, 
-А nm. =0, m, mss 
-2А m,-m,,-m,,-0 
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11.3-21 
(а) h(t) = sinc r,t + 2 sinc r, (1-Т,) + sinc r, (t 27,) 


A(f)= іп | | -267799 Lg ot ) = Їп (£ ез, -2)e 7" 


b b n, ТЬ 
1 4 2 
---П | је 1- го pe = — sin? ERE II | = 
ТЬ n, 7, қ, г, ғ, 
ІН 4л, 
f 
0 NE г,/2 





(b) a, =a, = 24.546, 
4-1 1 ; | | 
= асамын: 25 А = (m, -2m, , * m, „ЈА 


m, a m a а ГА 


= = 





о О е cS MO сао СЭ 
= = O О-о о 
кі © =. © – OHO 


Thus, 
2A m ,=0, m, =m, = 1 
A m, , = 0, т, # ту, 
y(t,) = 0 т, = Is = m 
—A m, , =], m, +M, 


А m_,=1, Е =0 
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11.3-22 
E. 2 А 
qt On 0 =|H(f)|= заал ЇГ | 


2 


ЗДЫ : р 
|| =, ROL 6,00-М,/2 


Н, 


ыс. | 








s = на 








| 





> || ju a | 
АРН 








—оо 


и | 


with equality when —— = 2 |H 2 


Нн, 
So take |н, = Н СР and |н, СР = но) 
Тћеп, віпсе Пим = | сс ты 
вэ ho А T 
5 _ 2 
26 |. (Alm)! 


Р,(У!Н,, &=-A) р (УІН  P(YolHo; ақ-А) 
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11.2-22 continued 


Р = апа 


26 
Р 20:52:02 іпсе Р(а, £ALH,)-1 
= —Q| — | since Pla, == =— 
"sog 2“ |26 k ED 
1 3 (A) 3 (л 
Hence, P = (Р, +Р,) =—O| — |=20| 5,0 
ence e 2 е1 20) ЕЭ 243 Y, | 


11.3-23 


(a) Assume m = №, =0. 
Use y(t,) = (m, *m, , — DA to calculate у(ї, ) given m,, and m, , 


and to calculate №, given y(t, јап № |. 


k 0 1 2 з 4 5 6 7 8 
m, 1 0 1 0 1 1 1 0 1 
т 0 1 0 1 0 1 1 1 0 
yt) 0 0 0 0 0 2 2 0 о 
т 0 1 0 1 0 1 1 1 0 
т 1. 0 1 0 1 1 1 0 1 





(b) ас value: y(t, )= (2+2)/9 = 0.44 


(с) As the table below indicates, if bit m, is received in error such that 
т, =0 => y(t,) = 22 instead of 0. 
Because m, = f(m,_,) => errors inm,_, will affect all subsequent values of №, as indicated 


in the table below. 


k 0 1 2 3 4 58 6 7 8 
yt) 0 0 -2 0 0 2 2 0 о 
т. 0 1 0 0 1 0 2 0 1 
т 1. 0 0 1 0 2 0 1 0 
Х Х Х Х Х Х X = errors 
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11.3-24 


(a) Use the precoder of Fig. 11.3-9 to convertm, — m, , Eq. (23) for y(t,), Eq. (24) 
to determine т, from the received value of y(t, ). Note that with precoding т, is 


not a function of m,_,. Also, assume m_, = 0. 


k 0 1 2 3 4 5 6 7 8 
m, 1 0 1 0 1 1 1 0 1 
m,, 0 1 1 0 0 1 0 1 1 
m, 1 1 0 0 1 0 1 1 0 
yt) 0 2 0 2 0 0 0 2 0 
т, 1 0 1 0 1 1 1 0 1 





(b) Ас value: y(t,) = (2-2+2)/9 = 0.22 


(с) If bit m, is received in error, only that bit is affected since with 


precoding т, is not a function of m,_,. 
11.3-25 


(a) Use the precoder of Fig. 11.3-9 to convert m, — m, except use two stages of delay 
=> т, =m, Odo 
Then use Eq. (27) to determine y(t, ) from m, and m, , and №, from y(t, ). 


Assume m , =m, = 0. 


k 0 1 2 3 4 5 6 7 8 
m, 1 0 1 0 1 1 1 0 1 
m 0 0 1 0 0 0 1 1 0 
т 1l 0 0 0 1 1 0 1 1 
yt) 2 0 2 0 2 2 -2 0 2 
т, ]1 0 1 0 1 1 1 0 1 


(b) dc value: y(t, )=(2–2+2+2—2+2)/9 = 0.44 


(с) If bit m, is received in error, only that bit is affected since 


we can obtain т, directly from y(t, ). 
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11.4-1 


(a) Using structure of Fig. 11.4-ба to scramble the input sequence we get: 


m 01111110111 ЕГ 
ту 001001110110110 
mnis. 000100111011011 
m, 0 0001001 1 10 1 10 I 
m, 000001001110110 
m, 000000100111011 
m 001100000011011 
m 010011101101100 


dc values of unscrambled and scrambled sequences: 
m, = (1+1+1+1+1+1+1+1+1+1+1+ 0/15 = 12/15 = 0.80 
m, = (1+1+1+1+1+1+1+1)/15= 8/15 = 0.53 


(5) Using the structure of Fig 11.4-6b to unscramble т, we get: 


— 
© 
— 
— 
— 


0 1 


mOÓ 


0 1 


к-і 


0 


=> ©: C oc cQ зе C © 
= © © © © о е 
нв =. © O O QO = 
RA ке ©. >. > ‘Е > © 
= о» о ст н о о 
м © OF о O н 
=. о == о O = me 
eC “Sr X XD ыы 
кы C» СУ оныг = сєз © 
- о = = = о = 
кі e кі кі О ка = 
о = = о = KF о 
- © OF KF о н 
ны. e кі e О ка = 
pep = =. о» == e © O 


11.4-2 


Using the results from Exercise 11.4-1, we get the output sequence and its shifted versions to 
generate the following table used to calculate the autocorrelation function. 
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11.4-2 continued 


original/shifted v(t) R(t) =v(t)/N 

1111100100110000101101010001110 31 1 

1111100100110000101101010001110 

1 1111100100110000101101010001110 -1 -0.032 
0111110010011000010110101000111 

2 1111100100110000101101010001110 -1 -0.032 
101111100100110000101101010001 1 

3 1111100100110000101101010001110 -1 -0.032 
1101111100100110000101101010001 

4 1111100100110000101101010001110 -1 -0.32 
1110111110010011000010110101000 

5 1111100100110000101101010001110 -1 -0.032 
0111011111001001100001011010100 

6 1111100100110000101101010001110 -1 -0.032 
0011101111100100110000101101010 

7 1111100100110000101101010001110 -1 -0.032 
0001110111110010011000010110101 

8 1111100100110000101101010001110 -1 -0.032 


1000111011111001001100001011010 
9 1111100100110000101101010001110 -1 -0.032 


0100011101111100100110000101101 

10 1111100100110000101101010001110 -1 -0.032 
1010001110111110010011000010110 

11 1111100100110000101101010001110 -1 -0.032 
0101000111011111001001100001011 

12 1111100100110000101101010001110 -1 -0.032 
1010100011101111100100110000101 

13 1111100100110000101101010001110 -1 -0.032 
1101010001110111110010011000010 

14 1111100100110000101101010001110 -1 -0.032 
0110101000111011111001001100001 


о а 
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11.4-2 continued 


т original/shifted ү(т) R(tT)=v(t)/N 

15 1111100100110000101101010001110 -1 -0.032 
1011010100011101111100100110000 

16 1111100100110000101101010001110 -1 -0.032 
0101101010001110111110010011000 

17 1111100100110000101101010001110 -1 -0.032 
0010110101000111011111001001100 

28 1111100100110000101101010001110 -1 -0.032 
0001011010100011101111100100110 

19 1111100100110000101101010001110 -1 -0.032 
0000101101010001110111110010011 

20 1111100100110000101101010001110 -1 -0.032 
1000010110101000111011111001001 

21 1111100100110000101101010001110 -1 -0.032 
1100001011010100011101111100100 

22 1111100100110000101101010001110 -1 -0.032 
0110000101101010001110111110010 

23 1111100100110000101101010001110 -1 -0.032 
0011000010110101000111011111001 

24 1111100100110000101101010001110 -1 -0.032 
1001100001011010100011101111100 

25 1111100100110000101101010001110 -1 -0.032 
0100110000101101010001110111110 

26 1111100100110000101101010001110 -1 -0.032 
0010011000010110101000111011111 

27 1111100100110000101101010001110 -1 -0.032 
1001001100001011010100011101111 

28 1111100100110000101101010001110 -1 -0.032 
1100100110000101101010001110111 

29 1111100100110000101101010001110 -1 -0.032 
1110010011000010110101000111011 

30 1111100100110000101101010001110 -1 -0.032 
1111001001100001011010100011101 

3] 1111100100110000101101010001110 31 1 
1111100100110000101101010001110 


11-37 


11.4-2 continued 


10.00 20.00 30.00 40.00 





R(t) is periodic with period = 31. 


Is the output a ml sequence? Apply ML rules: (1) #15 =16, #0s = 15-> obeys balance 
property; (2) obeys the run property; (3) has a single autocorrelation peak; (4) obeys Mod-2 
property, and (5) all 32 states exist during sequence generation. 


11.4-3 


m, =m, +m, and the output sequence = m, 


shift m,m,m,m, 





0 1111 
1 0111 
2 0011 
3 1001 
4 1100 
5 1110 
6 1111 
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11.4-3 continued 
The autocorrelation function is calculated as follows: 


т original/shifted v(t) R(t) =v(t)/N 
0111100 6 6/6=1 


111100 
1111100 2 0.333 
011110 
2111100 -2 -0.333 
001111 
3111100 -2 -0.333 
100111 
4111100 -2 -0.333 
110011 
5111100 2 0.333 
111001 
6111100 2 1. 
111100 


R(T) is periodic with period = 6. 





The [4,2] register does not produce a ml sequence since there are only 5/16 possible states 
exist in the output sequence and the period is not 2*-1. 
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Chapter 12 





it 
| f. <B 2В. 2В 

== 225 

ы нш и 45g. ұс qua cor T 
f, 22W d i 


а = М' 2200 = M =?" »22007- 5.85 = n=3 


12.1-2 

m <В 2В 28 

29.3 TU y< 1-533 => у=5, /,< ——=32 kHz 
f ZW ' 


а = М> 2200 > M=2">200'°=2.88 = п-2 
12.1-3 


Transmit one quantized pulse, having 4” possible values, for every N successive 


quantized samples. The output pulse rate is f, / № so В, > Я f./N)2WIN, 
allowing В, < W. 


12.1-4 
elsa | ма Ро jem 
2|x(t)| = 2 2 100 P 


Thus, у 2 log „ (50/ P) 
12.1-5 


(S/N), 34 x025 210° => 4>116, v< B, /IW-5.3, q=M" 
M у 4 comment 





32 q too small, try M > 2 
243 ok 
8l q too small 


= TakeM = 3, v = 5,f, < 2B,/v= 6A kHz 


12-1 


12.1-6 


(S/N), 234! x025 24000 = 4273, v<B, IW =6.7, а= M" 





М у 4 comment 

2 6 64 4 too small, try М >2 
3 6 729 4 excessively large 

3 5 81 ok 


= ТакеМ = 3, v = 5,/ <2В,/у-10 kHz 
12.1-7 


W -5 kHz, (S/N), =40- 50 dB = 10* - 10 
(a) (S/N), = 0.94? >10' -10 = 4-2 2105-333sov = 7 ог8 
B, > vW = 35 – 40 kHz 


(b) v€4, q2 M'z105-333 > М>4 

12.1-8 

W = 20 kHz, (S/N), = 55- 65 dB = 3.2 x 10° –3.2 x 10° 

(а) (S/N), 20.94? 232x 10 —3.2 x 10° => q = 2” 2596-1886 so v = 102 В, 2vW -200 kHz 
(b) v4, а= М* = 596-1886 = M55 

12.1-9 


хи = 5 х 10° V and x,,, = 200 x 10° V = normalize > x,,, = 25 х 10° Vandx,,, =1 V 
Assume a sinusoidal input, the power of the smallest signal is = 5, =(25 x 105)? /223.12 x 10? 
Using Eq. (7) > 40 dB = 4.8 + 10102 (27 x 3.12 x 107) > v = 21.7 > v =22. 


12.1-10 


Scale +/- 10V input by a factor of 10 to make input +/- ГУ, then because its sinusoidal => S, = 0.5 
а = 2" = quantum size = 2/9 22/4096 = 0.488 mV. 
(S/N), = 3425, = 327)? x 0.5=2.52 х 10’ = 74 dB. 
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12.1-11 


Scale +/- 10V input by a factor of 10 to make input +/- 1V, then because its sinusoidal => 5 = 0.5 
q = 2'° => quantum size = 2/4 =2/65,536 = 30.5 uV. 
(S/N), = 3q°S, = 3(2'%)? x 0.5=6.44 x 10° = 98 dB. 


12.1-12 


Let v,,,. Vmin = maximum and minimum input voltages 
= Dynamic range = 20log(v nax V min ) 

Assuming the largest signal = 1 volt = the smallest signal = 1/4 volts 
=> Dynamic range = 20log(q)=20log(2”) 


Dynamic range = 20log(2' ) 2120 dB => у = 20 bits. 
12.1-13 


If (S /№), = 35 dB and assuming 5, =1 

=> 35 = 4.8 + 6v => у = 5.03 

Memory must hold: 

10 min x 60 secs/min x 8000 samples/sec = 4.8 Msamples @ 5 bits/sample = 24 Mbits 


12.1-14 


(а) v=12 bits 2 q = 2" =4096. With М. = 10 У = each step size = 10 х 2/q = 4.88 x 10° V 
Maximum input = х(АТ,) nax = (9 —1)/ q = 4095/4096 x 10 = 9.9976 У 

For positive inputs from 0 to 10 V, X, (КТ ) = 0.00244, 0.00732, 0.01221, 0.01709, 0.02197...... 
= x(t) 20.02 V = x, (kT,) = 0.02197 => |e, | = 0.02 — 0.02197| = 0.00197 

Quantization еггог% = 0.00197/0.02 x 100% = 9.8596 


(b) For x(t) 20.2 V => x, (ЕТ) = 0.19775 = [e,| = 0.2 – 0.19775 = 0.00225 
Quantization error% = 0.00225/0.2 x 100% 21.125946 


12.1-15 
2 1 
Letv = 2 +п, n21 then 1, LM s ne y x 





< 


о | = 
Ale 


so р, (х) is constant over each band. 


а, = x,—1/q, b; =x, +1/q 
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12.1-15 continued 


joe => n=q/8 
q 4 


4/2-п-34/8 





х-1/4 


72 2 х Vi 

£ - pa) | (ду = 22090) 
х—1/4 34 

da e. nx14|2-n x1 RN 

7^ 3q 2 3] 34 


1 


5-2 fx aee] pes. og 
3 96 


0 


4 


Thus, (S/N), 234 x 0.229 = 0.74: 
12.1-16 


h, -2/4, a = x; -1Mq, Р, 


1 


=x,+1/q, p,(x) = p,(x) Юга « x « b, 





x*lq 
2p, (X 
Thus, £? = p,(x,) | (х—х)°йх= p. Cx) 
xj;-l/q 3q 
4/2 
so 6: = — У p, (x) 
34” і=—412 


1 /2 1 

Ви | р, ойх = y 2 дуана jp. eis = P [pl 1] 1 
у і-4/24 
1 Р 4! у 

Непсе, Э? риба) e S. во o; “з 


a_l 
i=-q 12 2 3q 


12-4 


12.1-17 


х=0 = o; -4 S, 1 


1 Di s 
P[|4»1]220(1/o,) 001 => —>2.6 2.6? ~ 0.148 


Thus, (S/N), <10102 „(3 x 2" x 0.148) = —3.5 + бу dB 


12.1-18 


Р||]> 1] 25 е "ду=е“ «001 = @>-1п0.01 


so S, = 2/02 <2/(1һ100): = 0.0943 
and (S/N), < 10log, (3 x 2? x 0.0943) = -5.5 + 6v dB 


12.1-19 


2 2>0 5 
(а) “| б => x(z)-(sgnz)z 





-3/2 


(b) 2 00-28 | 


1/4 1 
К. =2 | 4x р, G)dx = ней [ xax + Í 2 = 0.672 
0 


0 1/4 
12.1-20 
(а) с>0: (1+их) -2ш(1-1)-1(1-1) = х=[1+и)^°—1]/ц 


z«0: Ша-их == га +и)= па +) => х= а +) - 


$ _ 
Thus, х(2) = ($21 2) аты! 
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12.1-20 continued 


©) K, = rd [ош р, одах 


In? 1 «40 [ | | | 
00) | р,Сдах--2д [xp дах +p? [enoa 
0 0 0 


where Грош 2| v. (ак [lsp.coae= | 





fe розе ја? р, (x)dx = 12 


0 


x 


siy 
2 


Thus, К, = 


27 
OW) (1 4 дё 5) 
u 


12.1-21 


(a) With x(t) = 0.02 У => with companding using Eq. (12) we have 
па + 255 x 0.02/9.9976) 
In(256) 

z(x) is fed to the quantizer giving 2(К7) = 0.74463 

Using Eq. (13) with x, (AT, ) = z(kT;) gives 
_ 9. 9976 
255 


z(x) =9 9976] |+ 


А 





| 


[a+ + 255) 74463.2976 -1| = 0.02005 = |e, | = |0.02— 0.02005| = 0— 0% quantization error. 


(b) With x(t) = 0.2V = with companding using Eq. (12) we һауе 
In(1-- 255 x 0.2/9.9976) 
In(256) 

z(x) is fed to the quantizer giving z(KT,) = 3.25928 

Using Eq. (13) with x, = z(kT, ) gives 


z(x)- 21 | — 3.26059 





Р M [4+ 255)729989976 _ 1] = 0.19983 = |е, |= [0.2 — 0.19983| = 0= 0% quantization error. 
12.1-22 


(а) z(x)= E х>0 











(0- D-z foral 1 











о 
К. =2 1 
Је “9(6- аре |" 9(— ES 
(S/N), ~10log,,(9 x 3 x 275.) =14.3+6.0v+S, dB 
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12.1-22 continued 


(b (S/N), =52.9+S,-K, dB 

















a S, (dB) K (dB) (S/N), 
4 -9 1.5 424 
8 -15 -4.2 42.1 
16 -21 -7.5 39.4 
1 -9.5 62.4--5, 
(Sin) 
ар 
40 











-40 -jo -20 -/8 48 
12.1-23 
| 2 0<х<1/А 
(a) со) ТВА, 
- 1/А<х<1 
1+шАх 


MA 
1 


1 
К,- (1--Іп AY B да POM + 2| ZI 
0 1/A 


1 1/A 
=(1+In AY эх», (х)ах +2 | |а Ke р 21 
0 0 


1 
where 2 [x* p, dx - [ер Ода =$, 
0 


-1 
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12.1-23 continued 
ТС 1 а МА 1/ А 
(5) 2| LE possi | езах-о | xle "dx 
ХА Аъ 0 
= alate tara 5 22 
Qa 
Thus, К. =(1+In A) ын СЭН РЕЛІ ха 
| QA A 
5 2 
2 1+ША 1+2А А у EIN 1+InA а 
А о | о А 


(с) (S/N), =52.9+5,-К, dB 
































о 5,4В) К.(ав) (5/М), 
$^ 9 5.9 38 
16 -21 -6.1 38 
сайн: -17.9 37.8 
ШО -25 71948, 
44+ alo, 4 РА 
то + wj Невы 
4 ” compound ing 





– 50 -40 -70 а?а – ав 


12.2-1 


(S/N) = за x192 4€ 10". = q>51, v<B,/W=2.5 

so 4<М?>51 = М >7. Thus, take M =8, v =2, 4-64 
5 

Макет >Ү,-6(В,/У)(М:-1)-945 = S,>945N,W =56.7 mW 
0 
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12.2-2 


(S/N), =3q? x 1/224x10? 2 4>51, vSB,/W =3.33 
so q€ M 551 => M >3.7 Thus, take M 24, v 23, q -64 





S 

y$ >y, =6(8, 1W)(M? -1)=300 => s = 300 = 18 mW 
0 

12.2-3 


(S/N), = 34° x122 4x 10 = q»51, ve B, /W =8.33 
so q< M' >51 = M »12 Thus, take M 22, v 26, 4-64 





Sp : 

үт 27, = 6(8, /W)(M?-1)2150 = 5,>150М,// = 9 mW 
0 

12.2-4 


PCM: P =200] (S/M, | <10° = (S/N), 249 
B,/W > v 28, y=(B,/W) (S/N), >192 = 22.8 dB 


Analog: (S/N), = 2-65 /N), = 37 dB = 5000, у= (S/N), 210 = 50 dB 
РСМ advantage: 50-22.8 = 27.2 dB 


12.2-5 


РСМ: P =1000 Е Ks IN), | «105 = (S/N), 2 52 
ВАМ > у =8, y=(B,/W) (S/N), > 216 2234 dB 
Analog: (S/N), -1126 IN), =37 dB = 5000, y=(S/N),= 5x 10° = 57 dB 


PCM advantage: 57 - 23.4 = 33.6 dB 
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12.2-6 


10log,,(1+4q°P) = 148 = 1«4q' P.-10?! 21.259 
so P, =0.259/44? =1/154° 


Р.-0|(87М), | - — 


15 х 2" 





(SIN), e Y 874 = у, =V(S/N), 


Т 


(S/N), =4.8+6.0v dB 








їл 4(8/М), Ya (dB) (S/ М),,4В 
4 26x10" 3.5 16.9 28.8 
8 1.0x 10° 4.8 22.7 52.8 
12 4.0х 10° 5.8 26.1 76.8 
См 
if 
20 
50 
4o 
i5 azo 2s fe dB 
12.2-7 


Errors in magnitude bits have same effect as before, and there are q /2 
equiprobable values fori Thus 


=== у=2 2 4/2 1 
Jal у эй act a лээр ped bar ce 
У | т=о 4 4 4/2 і-0 т-0 


v-l 
25 iamen amener, gag 

















vq 3 4 6 2 
2 2 
шаа 54 21 5 221 if 5420 8 
уд | 1 3 Зуа Зу 
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12.2-8 
y2y,«6(M?-) = M'xL4, vxb 





6b 
v/2 
Thus, а = Му“ = Ү | 
6Ь 
12.2-9 
М? =256, w,-6b(M'-1) 
M b Yen dB 
2 8 144 21.6 
4 4 360 25.6 
16 2 3060 34.9 
256 1 3.93 х 10? 55.9 
Жы, 
ЁО 
ав 
40 
26 
b 
о | X a 8 
12.3-1 
2 

Using Eq. (5) and а sine wave = (А > а), -2л/,А, => A> = 


213 
If W =3 kHz and normalized input with A, -1-» f, -3КН/->А> E — 0.628 
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12.3-2 





А 
Using Ед. (5) and а sine wave => Ј Д > |00) -2Л/,А,-> А, < = 
тах TU m 


If W =1 kHz and Nyquist sampling = f,= 20 kHz 
2 20x 107 х 0.117 _ 


=> А, 5 
27, х 1000 


0.372 


12.3-3 





Note slope overload when A=1. 


12.3-4 


Dp 
DM: (S/N), -5.8Р /(1п2Ь)” = 7.6 - 101og,, ———— dB 
= ne?) io (1п2Ь)? 


РСМ: (8/М),-3х2%х == 6.0b —10 dB 


b DM PCM 





19.3 14 
8 25.8 38 
16 32.9 86 
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12.3-4 continued 


ӨЫ go 
48 
60 


40 





12.3-5 


f, = 2Wb = 8b kHz, с = JS, =1/3 








A 
28 E: /, opt. 1 n2b 
2TOW ns 
_ 13x 1n2b 
“12 b 
Ь /, (kHz) A 
32 0.177 
64 0.118 
16 128 0.0737 


12.3-6 


РА>2щ = A>2nf,/f, f, =2Wb 


2 3,3 ; 
(SIN), 22-5, < os = s ЭР | o's, 
D AM An’ fW Av fW T 
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12.3-7 


2К 
ЕН roit. > К= 765, 


+ f? f f 2arctan(W / f,) 





Sys | о Cf) df = x|- 


/? 





x 


ЕЗ TASA. Ж, 2K У 
7% AS a.p ея 1. 5 Elw- faran 


x x 


if Wn = fF G ШЫР 








1/2 
Thus, W,,,, = = -f sc = 1.3 kHz 
arctan(W / f, ) 10 


when W = 4 kHz, ў, = 0.8 kHz 


12.3-8 


А-?2лоМ,,8//, b=f,/2W, с= |8, 


rms 


WA т (Wins | 
М, = 3 51555, 
РЗ и 








2 -38 n Wns | 16 3 
N + N,- K|s + а(35 + ђе "| where K = —| — | $,, a=—b 
цэх 65 | W 


< (м, м.) = К[2а+Зае“ - за(3е+ ђе“ |-0 = 2-9ae* =0 
5 


Thus, 5„„ = I - зав = 12р 


12.3-9 


p, = К, (0)/5, =1 
п=1: py =P, = а= р, С, = 1-р = 2.77 = 44 dB 


1 0.8 |с, 0.8 
n=2: = = с =8/9, с, --1/9 
0.8 ШІ" 0.6 


-1 
С, -|-4 х 0.8 + 5 06 =2.81 = 4.5 dB 
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12.3-10 


Po = К, (0)/5 =1 

n=1: p =P, — бер, б, = 1-р] ^ 21026 210.1 dB 
1 0.95 || c, 0.95 

n=2: = — с =0.9744, с, --0.0256 
0.95 1 с, 0.90 

а, -П-0.9744 x 0.95 + 0.0256 x 091! =10.27 =10.1 dB 


12.3-11 


x[(k DT; ] = x, (k — I) 


dx(t) 
dt 





= р) -x0-7)] Gp Qe 


| =x (k —1)—х„(К—2) 
dt (k-))T, d У 





Thus, take d (k) =x, (k -D- [x,(k-D - x,(k-2)] 22x, (k —1)— x, (k -2) 


so c,=2, c, 2-1 
12.3-12 


X, (К) =cx,(k-1) = cx(k 1). so в (К) = x(k) - ex(k 1) 

Then =? = Еро (k) —2cx(k)x(k 1) + c? x? (k —1)] 

where E| x (&) |= E| xk -D |- E x) |= 5, 
E|x(k)x(k-1)| = E[x (t x (€ -T,)] = ЕЁ (Т) 

so € = 5, 2с, (T, ) c^ S, = (1c?) 5, - 2cR, (T) 


дє? 
=2cS,-2R(T.)=0 = c=R(T)/S,=p, 
C 





12.3-13 
x (k) = cx, (k -1) *cyx (К —2) = ¢,x(k—1) +c,x(k —2) 
so €,(k) =x(k)—c, (k -1)-c,(k-2) 
XE x(k) + cix (k 21) + c;x (К 2) - 2c, x K)x(k —1) 
—2c, x(k)x(k — 2) + 2c, С, ХК - 1) x(k — 2) 

where E| Х(К- п) | - Е|хХ(01|- 5, 

E|x(k 2 n)x(k - m)] = E [x(t - nT,) x(t — mT,)] =R [Gn —п)Т,] 
Hence, =? =(1 +c? + с2)5, +2c,(c, - ЂЕ (T) - 26, R, QT.) 
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12.3-13 continued 

We want 

д «2/96 = 26,5. +2(c, -DR(T.)=0 

д =? /дс, = 2,5. +2с|Ё (Т,)— 2R, QT.) = 0 


50 
К,(Т,) КЕ) 
сс, = === 
5, Э. -» Ї Р, C = р, 
КГ) = R,(2T,) о, 1 |е, р. 
===> +c, = T 


Same result as Eq. (16b) with n = 2 since р, = К, (0)/5, =1 
12.4-1 


Assume just music samples and no parity or control information 
70 min/CD x 1.4112 Mbits/sec x 60 sec/min = 5.927 Gbits. 


12.4-2 


981 pages x 2 columns/page x 57 lines/column x 45 characters/line x 7 bits/character 235 Mbits. 
Based on problem 12.4-1, a CD can store 5.9 Gbits=5900 Mbytes => 35/5900 х 100% = 0.59% 


12.4-3 


Assume with the 2 Gbyte hard drive there is no need to store extra control or parity bits. 
Music — 1.4112 Mbits/sec x 1 byte/8bits 


] sec 


ТАЙ2 x10 bits x 8 bits/byte x 1 min/60secs x 2 x 10° bytes/hard drive = 189 minutes 
. X Its 


If we do incorporate the same error control used on the CD, the recording time is: 


] sec 


— — — —— x 1 min/60 secs x 1 frame/561 bits x 8 bits/byte x 2 x 10? bytes/hard drive =65 minutes. 
7350 frames 
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12.5-1 


r, = уў > 12х 2 х 15 kHz = 360 kbps 
N< 1.544 Mbps 2 


1, 


42 > N=4 


1 
Digital В, > — x 1.544 Mbps = 772 КН 
igital В, 5 X ps 2 Eff === = 7.8% 
Analog В, > NW = 60 kHz 


12.5-2 


r, =vf, > I2x2x 15 kHz = 360 kbps 
2.048 Mbps 


7, 


N< =5.6 = N=5 


1 
Digital В, 2 — x 2.048 Mbps = 1.024 MH 
igital В, 5 ps 7. Eff = 75 -73% 


Analog B, > NW =75 kHz PA 


12.5-3 


From Fig. 12.5-8, if we subtract Transport and Path overhead, 

a SONET frame has 9 rows x 86 bytes/row =774 bytes of user data. 

Thus a STS-1 has a capacity of 774 bytes/frame x 8 bits/byte x 8000 bits/frame = 49.536 Mbps. 
А DSO line is 64 kpbs = and STS-1 can handle 49536/64 = 774 DSO lines. 


However, in practice, a VT is used to interface DSO апа DS1 lines to a STS-1. 
The additional overhead of the VT reduces the number of DSO inputs to 672 and the 
number of DS1 inputs to 28. See Bellamy (1991) for more information. 


12.5-4 


(600 dots/inch)? x (8 inches x 11 inches)/page = 31,680 kbits/page. 
2 BRI channel — 128 kpbs — 31,680 kbits/128 kbps = 247 seconds/page. 


Obviously, some image compression is needed for this to be practical! 
12.5-5 


(600 dots/inch)? x (8 inches x 11 inches)/page = 31,680 kbits/page. 
1-56 kbps channel => 31,680 kbits/56 kbps = 566 seconds/page. 
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Сһар{ег 13 


13.1-1 


P(no errors) = P(0,4) = (1-0,1) = 0.6561 
P(detected errors) = P(1,4) 2 4x 0.1x 0.9? = 0.2916 
P(undetedcte d errors) -1- P(0,4) — P(1,4) = 0.0523 


13.1-2 


P(no errors) = Р(0,9) = (1—0.05)* 20.5971 
P(detected errors) = Р(1,9) =9х0.05х0.95* = 0.2985 
P(undetedcte d errors) 21— Р(0,9)- P(19) = 0.0712 


13.1-3 


: р - | | [7| 
(a) Two errors not in the same row or column yields 4 ЕЕ 
intersections as possible error locations. Two еггогѕ іп > 14112 9. 


Ше same row (ог column) yields two columns (ог T t — 
rows) as possible error locations. 71 [71 


(b) L shaped error pattern yields no parity failures and is 


undetectable. Other patterns yield 4 or 6 parity ЕҢ 5 zl Pere 





failures and are detectable. [х| = х | = 
7 TT 

13.1-4 
(31,26) #=1 ој |224, “5” E = > 312.9? =7.08В 

31 ss 52 

42 1/3 41 
31,21) 1=2 РЕ Q^| >y,>—x2.53? =6.7dB 
) 4 31 E Есей B 1229 

1/4 
(3146) г-3: 01,192, 3x2 муз | =y, >31у2,25° =6.94В 
31! E. 29x28 ^ 32 

Uncoded : о(Ру,)<107 >y, > 21x3, 732 =8.4dB 


Thus, use (31, 21) code to save 1.7 dB. 


13-1 


13.1-5 


52 1 Et 31 
31,26) 1 =1: 224 €|——x10$ | =y, > —х3.6' =8.9dB 
эвөг-н d f ее n 





42 2 pe 3 
31,21) t=2: —y, |< x10 | = yY, 2 —х3.0" =8.2dB 
паа Rr Hh] o 

32 3x2 H 31 
3116) г=3: =, |<| x10] =y, > —х2.65: =8.3dB 
PM 4 s 3: | > 
Uncoded : о(Ру, )<10 >y, 2 хале =10.54В 


Thus, use (31, 21) code to save 2.3 dB. 
13.1-6 


(31,26) t=1: 


Ры = от, ја. m 4%, j^ = 300° 


[yy |dB | Puwe а — |Pe — | 


2 3 2.3х10-? | 3.5x10? | 3.7x10? 


| 





0 
13.1-7 


(3121) t=2: 


[42 30х2 
Pa «alfa ој an = > а 


y [рв [рь Го | P. 








©З 
4x10 


13-2 


13.1-8 


Coded transmission has r,/r=R,' and Q(J2R,'y,) -0 





(1241) 1-1: 
1 n 1/2 Р | 11 : 
© = a -9.5х107,К, шта ны ыы -3.127/2К -7.3а4в 
(15,41) 1-2: 
2 5 1/3 А | 11 : 
a= x10? | =4.8x10°,R,'=—(1-150) = 0.681,ү, = 2.6°/ 2R,'= 7.0dB 
14x13 15 
(16,11) 1-3: 
3х2 дэрс d ot T 
ao =| —————_ x 10 =1.22х107,К '= —(1-160) = 0.554, y, = 2.25" /2К,' =6.6dB 
15x14x13 | 16 | 
э 70 
Uncoded transmission r,/r=1 аз í m 
oU2y;)- 10° = у, = Ex 4.27? =9.6аВ : 


13.1-9 


Coded transmission has ғ, /г = R,' and QGJ 2R.'¥ ,) =O 


(12,1) 1-1: 
1 1/2 11 
а, = "i = 0x10" 0909 =0.913,у, =3.45° /2R,'=8.1dB 
1511) £22: 
2 1/3 11 
а = тш = 2.2x10°, R,'=— (1-15) = 0.709,y, = 2.85 /2Ё '=7.6аВ 
14x13 15 
(16,12) 123: 
3х2 ü 1 
а- ко) =6.9х107,К = — (1—16%) = 0.612,у, = 2.45? /2R,'=6.9dB 
15х14х13 16 
Uncoded transmission r,/r=1 т, 
4/6 
o y, )- 105 >y, = 5x47? =10.6dB a ; 
6 


5 lr 
65 0,8 0 
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13.1-10 





а = О(/2х4) -2.3х107,1-2,Р, = ыны “105 
T, -п/ғ-30 us, 
Вы NS аар 
t, 245km/3 x10" km/s =150 us T, 
Ш 1-0.035 
p = по = 0.035, R, ' = — — — — — = 0.538 > r, = 269kbps 
151+ 9х 0.035 
13.1-11 
О ЕВ 
3х2 
Т, = п/г = 32 ив, 
кс SNS 9385 № -10 
t, 2 45km/3 x10" km/s =150 us Т, 
11 1—0.037 
МЕТ 9997. E арларрре 
161+9х0.037 
13.1-12 


P, = ко? <10 => 0 <10° апр = (К+ 1)0<<1 ifk < 100 
D 2 2x18km/3 х10° km/s = 120 из 
T, = (k+1)/r=100(k +1) из 
Е ВВЕ. NES жете; 
“k+l 1+D/T, К-1-12 10,000 

Тћеп, 


Ко ~ 0.732,0 = ОСЕ ү) < (2x19 уе -4,1х1074 
So, у, > 3.35? /2R,'=8.8dB 


css be. 
К-1 





->К>5.66->К-б 


13.1-13 


Р. = ко’ <10%->в<10” апар=(К+1)@<<1 ifk «100 
> у = 

D > 2x 60km/3 х10' km/s = 400 us – DIT,» 4 
T. = (К +1)/ т =100(k +1) us К +1 

Е. 

“k+l 1+Б/Т, К-1-4 10,000 

Then, К,' ~ 0.737, = ОДРЕ, y;) scio" -2.8х107 

So, у, > 345^ /2 К. '= 9.1dB 


> k 212.9 > k =13 


13-4 


13.1-14 


т =11—р)+@+М)р@-—р)+@+2М)р?(@- р) +@+3М)р?@— р)+ 
= 01-р ++ М)р+ (1+2№) p? +(1+3N)p? +- ] 
= 1– Ра+р+р? +р?+..)+ Мра+2р +3р: +-->] 

But (+ р+р’+р’ +...) = (-р)", 

and (1+2р+3р? +...) 2 0— p)? 


Thus, т-у + Np ін 





1-р (1-р) 1-р 
13.1-15 


A word has a detected error and must be retransmitted if the number of bit error is 
t<i<l, so 


4 . ре = п 1+1 u n-t-1 zi n 1+1 
рее то" (1-а) ы} 


i=t+l 
п(п—1) 


With 4,, = 4, = 2 апіг= 1 ѕор = a? 





13.1-16 


(a р=Р(ї+1,п)= " "(1—0)"! = n ғ 
цэн “Ла ЭН 


ш п п 
Р = P i, = Р t+2, ЭР {+2 1-0 n-t-2 zy о? 
„= у Р@Ч,п)=Р(@+2,п) Es (1-0) um 


i=t+2 


: -1)-44(п-1- -1 
р =1+2р „1+2 m=) (not дан р” 





п 1-2) 1-1 
12 1 | 
(D а =21+2=8 = Да ан а а 
E = 23х22х21х20 5 =107 >q =1.62х10-? 
4х3х2 
ыы СЕКОЕ A =73х10* <<1 asassumed 


4х3х2 
a =О( 2х) 1.62 х1077-» үүлс 2.15? = 4.62 


Uncoded: P, = Q(J2y,) =1.3х10° 
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13.2-1 


(a) Let n, = number of 1s in U, и, = number of 1s in V, and 
n, = number of 1s position in U and V. Then, 


WU)+W(V) =n, +n, 
dU,V)=WU+V)=n, +n, –п,, SW(U)+W(V) 


(b) U+V=X+Y+YV+Z 

(x, Фу, Фу Ф 25, ), where y, Ө y, = 0, etc. 
(х, Oz") 

=Х +2 


Thus, 
d(U,V) =WU+V)=W(X +Z)=d(X,Z) 


and | W(U)+W(V)= W(X +Y)+W(Y + Z)=d(X,Y)+d(¥,Z) 
so d(X,Z) S$ W(U)+ W(V) = d(X,Y) + d(Y.Z) 


13.2-2 


d(X,Y) =i <i, 

d(X,Y)+d(Y,Z)2d(X,Z)2d,,, 21+1 

50, 

І-1<а,, <і+а(ү,2) <1+4(Ү,2) ә 4(7,2) 21 

Thus, У cannot be a vector іп the code, and the errors are detectable. 


13.2-3 


d(X,Y) =i St, 

а(Х,Үу-а(ү,7)24(Х,7)24,, 2 2! +1 

50, 

21-1<а,, <і-а(У,7)<1-а(ҰҮ,2) and d(Y,Z) 2141» а (Х,У) 

Thus, У is closer to X than to any other valid code vector, апа the errors сап be corrected. 


13.2-4 
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13.2-4 continued 


у+Е 


<ш 


oo 


ооо 


00 


13.2-5 


(w 


160060006 


o 


ЕНТ» о о | 000 


о 
Џ 


0000 


! 


о 
0 


$ 


o 


0 
000010 


оор 


о 
о 


о 


00000! 


13.2-6 


5 : 

~ 
5 Е: 
е “55 
s seh 
~ 33% 5 
8 08:04 27 
зо шэл 
~ Сро 5 
% va X 
v © 3 
Е 212 
2 “4. 
ы Mx 
ч а У З 

—— 
"ја ~ 9-0 
ооО о © — 
0090-02 
М аза oo 
оо- © о© су 
а- © = © © 

~ 

са 

| 

м 
SSS 
+ее- 
= O se! ao о 
Е] 


ЕЈ ДМ 
ёе мом пера 0 им 
|= 





——  — — 
9 --о--о-со-о-осо- 
оәзс.-ө0--0900.-о-оө 


Зоо - – ~ово~~. —о— ә 
әоэзоо--,-- ... ооо 
———M! 

~ 
өөө 
fF Dog 
өөбе 
ғы E 
o 00 ө 
к кр Е 
Ф © © ө 
ЕЕ 
Ф © © © 
е ко Ек 
ө өөө 
SSE = 
| | | | 
sr Sf б 


^ 


Е A mU ——xecua 


- “ © ч -Om oC nm O m 


- © 7 ч с — HO о = a 


O о о ЧОУ. о 
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13.2-8 


4 і> r 
а) 2 l2n <©_>;*—=64 —n210 (by trial and error) 
q-n-k n+l 





Take n= 10, so q = 4 and (а +п)х z’ = 224 bits 


(b) Any 6x4 matrix whose rows are all different and contain at least 2 ones. 


Example: 
0-0 1 1 
0 1] 0 1 
0 1] 1 0 
P= 
1 0 0 1 
1-0 1-0 
1 1 0 0 
13.2-9 
4-1» п 
(а) и Æ >z =256 =" >12 (by trial and error) 
q-n-k п+1 


Такер = 12, so q = 4 and (а+п)х 2" = 256 bits 


(0) Any 8х4 matrix whose rows аге all different and contain at least 2 ones. 
Example: 


КМ dedu <= SSS 
= © © о = = FO 
Bey ea a See Ss ~ шы 
oF OF = O m m 


13.2-10 


a, = Y eh (mod 2), where 
т=1 


ба = т" element of і" rowof а h, =m" element of j” row of H" 


0 1<т<1-1 B I€mtn-k 
1 m-i 0 n-k+1<m<j+k-1 
"1 0 itl<m<k “11 m=j +k 
Pim k+tlsm<n 0 /+К+1<т<п 
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13.2-10 continued 
Thus, а,-1-р, Ф Piga- l5 Ру Ф p; =0 
13.2-11 


(a) The binary number  s,s,s,equals the error 





location, оссо| сољосоо 
эр oo! 19 20000 
ре ого | 0) 00000 
000 = по еггог " olt|looroooo 
— 106|00016000 
001 => I bit as | па 122 
0102 2 ™ bit ! 10 ооооо у о 
ка 4 ооооо о, 
еїс. 
= y; Ox. Ox, Ox, 0 
s= x, @x, Ox, Ox, =0 


S,=x, Өх, Фх, Фх, =0 


Since x,,x,, апа x, appear only once, they must be the check bits. 


Thus, 
Х=(с c, m, c т, m, т.) 
сз = т, ® m, Om, 


—1c,-m, Ф m, Om, 





c, =m, Om, Фт, 
13.2-12 
(а) 
0000 0000 0 БЕК por] 4 
деек OF ҮЗ 4 row в у 13 49 2 
ото 7':7: ФР гото o 110 
0011 | OF о 4 lo |! ооо 1 4 
01 oo Фр 2130 4 Р Кё: б 0 ! 0 l 4 
01014 гоо | 101! 0010 
Әізт ЖИ. КАМА 4 ка Ј об 4 
8411 Ө. 74.48 4 5111 ил 8 


(0) Note from check-bit equations іп Example 13.2-1 that 
c, Өс, Oc, = m,, so т Өт, Өт, Om, Oc, Өс, Oc, =m Om, Om, 


Thus, c, =m, Өт, € m, 


(c) Form d = Y! y, (mod 2) so 


i=l 


а = 0 => noerrors or even number of errors 
d =1 => odd number of errors 
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13.2-12 continued 


If 5 = (000) апа d = О, assume по errors so Х =Y, 


If = (000) and d = 1, assume single error so X =Y + Е, 
If S = (000) and d = 0, assume detectedbut uncorrectable errors. 


13.2-13 
G 111 
11101)1010000 


11101 
10010 
11101 
11110 
11101 
0011 
=> О, (р) = р +p, С(ру-0-0-р-1 = X = (101 :0011) 


Х'=(0100111) Ү(р)=0+р?+0+0+ p^ p41 


011 
11101} 0100111 
11101 
11101 
11101 
0000 
=> S(p)=0 
13.2-14 
g 100 


—_ 
10111 )1010000 
10111 
1100 


= Ој(р)=р 50-0, С(рр=р’+р’+0+0 => X =(101 1100) 


Х'= (01110010 У(р)=0+р’+ р + р+0+0+1 
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13.2-14 continued 


011 
10111)0111001 


10111 
10111 
10111 
0000 
=> S(p)=0 


13.2-15 
К 1011 
aoe) ——Á— 
1011)1000000 = ре 
1011 
1100 
1011 
1110 
1011 
101=R, 


101 


1011)0100000 = р? 


100 
1100 
1011 
111=R, 


Similarly, К, =110 andR, =011 


R, 101 
R, 111 T ders 
Р = === ‚ which is the P matrix in Example 13.2-1. 
R, 110 
R, 011 
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13.2-16 


с 1110 


ОР MÀ 
1101)1000000 = ре 


1101 
1010 
1101 

1110 
1101 


110=R, 


0111 


1101)0100000 =p" 


1101 
1010 
1101 

1110 
1101 


011 =R, 


Similarly, R, =111 and R, =101 


К, 110 
К, 011 243 : 
Ea |= bapa шерне ааа 
A3. 
R, 101 
13.2-17 


p^M (p) 21100000 


Input bit 
“та, 


ы 


п 


озо оо ~ ~ 
~ ~ –— о oo 
9%--- 009 


Register before cuit 


" 


9---о%о 


1 
АР 
mA ra 


1 
! 
2 
! 
! 
' 


о 
—— 
Cl») зо + pO 
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ө---әоом 





13.2-18 


Initialize register to (00...... 0), close 
feedback, open output switch, and shift y into 
register. After 7 shift cycles, open feedback 7 ER [27] 
switch and close output shift, shift ош S(p) 

from register in 3 shift cycles. 


50») = rem LYipl/&(p)] 





Input bit Register before shift r= = p 
y To Л n y@r, 


== 
Ф 

юэ 

= 





со; на сз QA um на 
о не – OF == о 
с он me но о 
Orr fF CO CO ос 
See emo >= М 
o © о = н = о 
с m. m.m m. ео ОСО 


S(p) =0 +0 +0 


13.2-19 


B, =1x 10° = 0(Ј27, ) and а =3 
From Table T.6 ->,/27,-4.3-> у, =9.2 


(а) For (7,4) code > n=7,k = 4, К, = 4/7, t=1 





oy л! па ee 
| толы 3 1(6-1)! 
= (7 IQ QR YI" = 600/877 x 9.68] =2.2 x 10° 
a = ОДРЕ ү„) = ОСИ x 9.2) = 6 x 10% 


(b) (15,11) code => d,,, =3> % +1 >t =1 and R, =11/15 


(9) = mugs p; 714 SE. = 140 22/15 x 92) =32 x 107 


a = ОДРЕ y,) = QQ22/15 x 9.68) 21.5 x 10° 
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13.2-19 continued 
(с) (31,26) code 2 R, = 26/31, t=1 
! 
Ён ЕИ 22 =30 >P, = 300(452/31 x 9.2) = 6.1 x 10? 


~ 1130-1)! 
«= ОДЕ) = O(V52/31 x 9.2) = 4.5 х 10? 
13.2-20 


With y, = R,y,, 0=Q(/2y, ) =QG)2R, ү, ) => if ү, fixed = R, y, fixed > a fixed 
Let's assume 0=1 х 107 

With a (7,4) code and t 21 > P, = 6Q* =6x 10° 

The percent reduncancy of the (7,4) code is 3/7 x 100%=43% 


With а (31,26) code and t =1 > Р, = 300° 23x 107 
The percent reduncancy of the (31,26) code is 5/31 x 100%=16% 
=> Р„(7,4)< P, (31,26) 


Because the (31,26) code has less redundancy than the (7,4) code, we would therefore 


expect Pa) < P0126)" 
13.2-21 


Uncoded system: Ру, =1 x 10° = Q(Dy, ) => y, =9.2 
If we transmit at 3 times data rate => R, = 1/3 > P = 06/2 x (1/3) x 9.2) = 7 x 10? 


3 
An error occurs if 2 or 3 transmissions are received in error > P,, = ус) р/(1- р)! 
j-2 


with p 27 x 10° 


3! 
8-0) 
= Р, = 3(7 х 10°)? (1-7 x 107) + (7х 10°) *(1-7х 102)? 
= 1.46 х 10* = P (triple reduncancy) 
versus the case from problem 13.2-19 where Р (7,4) = 2.2 x 10° and P (15,11) = 3.2 x 107 


б) = (D, =3 ава 6), =1 
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13.2-22 
101 
111 
1110100 110 
У = [0100101] and with a (7,4) code Н=| 0111010 |= S = УН" = [0100101]| 011 |= [010] 
1101001 100 
010 
001 
Using Table 13.2-2 5 = [010] => error in 6th bit => Х-(01001 1 Ц 


101 
111 
110 
(b) Y=[0111111] 2 5 =УН" -[0111111]| 011 | =[101] > X =[1111111] 
100 
010 
001 
101 
111 
110 
(c) Y=[1010111] 2 S = УН" = [1010111]| 011 | = [100] > х =[1010011] 
100 
010 
001 
101 
111 
110 
(d) Y=[1101000] = 5 = УН" =[1101000]] 011 |-|001|-> X =[1101001] 
100 
010 
001 
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13.2-23 


О(р)=р +р'+р'+р +р+1 

ASCII character "Е "= 1000101 = М(р)= pf + p +1=> р?М(р)= p pep 
4 

С(р) = en н 
С(р) 


р°+р+р+р +1 


p^ p p^ р?+р+1)р*+р“+ p? 


р°*+р'+р?+р°+р'+р° 





р" +р“+р "ыр "Ep "p qp 





р + р“ + +p +p +p + р' 
p“ +p“+ р + р + р' 
p^-p^ + p +p +p +p 





р? +p“+p°+p°+p' + р? + р: 


p> +p + p +p +p +p 





p +p +p +p +p 
p? +p + р ир +р+1 





р''+р?+р'+р?+р?+р+1=С\(р) 


Х(р) = р°М(р)+С(р) = р+ р +р + p'+p эр '+р°+р’+р+1 
Х = [1000101101010100111] 

13.2-24 

X is transmitted > X = У. 


rem E — 0 = no errors 
С(р) 

From problem 13.2-23, errors in received vector => Ү-1000101101010100100 

= У(р) = р + р“+ р'+ р р "p pep! 
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13.2-24 continued 
Y(p)/G@ p) = 


р +p +p + p +l 


p^ tprp tp tpat) p +p“+p° +p"+p'+p°+p’ 


р?+р''+р?+р?*+р'+р° 





р''+р“+р'?+р Мыр р +р?+р? 





р" +p“ + +р + р + р + р) 
p^ +p“ +p” ++p" +p’ +4 p 
p^ p^-4 p*p-p-p 





p?+p + p’+p' +p tp +p +p 
p+ p+ р+фр+р р 





р жр"- р+р' 
p -p'4 p +p + р+ 





р+1= 


= remainder = 0 = ап error has occured. 
13.2-25 


9600 bps => 1/9600 = 0.1 ms/bit => 125 ms noise burst => 125 ms х 10 bit/ms=1250 bits in error 
for each burst. 


A (63,45) code can correct for 3 errors => distribute 1200 errors over 400 blocks = 3 errors/block. 
We interleave the bits so we have 63+3=66 bits between errors, = each block=66 bits long 


latency delay between interleaving and deinterleaving => 
2 x (400 blocks x 66 bits/block x 0.1 ms/bit)=2 x 2.64 seconds = 5.28 seconds 
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8 $ | Taput vate у, 


i 
2; т ж/-| 


Any combination of bits i" 
ім register, put must j А, 


include ”/-, and/or м”/-17 









13.3-2 


State In put 


T] . 
Any combiaation of bite Ур“ ey "m ғ ын 
im register, but must ЕТЕ. хой 5 
Mies, еф And/or mis 
13.3-3 


(а) 


&=00 


bo! 
000 


cs /0 





d s Il 
Input 1 0 1 1 0 0 1 1 1 1 
State a b с b d с а b d d 
Output 111 011 000 100 100 111 111 100 011 011 
(b) 





Minimum-weight paths: abce = D'I' and abcde = Ч? 
Thus, d, =8, М(4,) 2142 = 3 
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13.3-4 


(а) 
а= 000 “2 


8-20) " x 
“3 





#= уо & 
8 + 1/0 
Я = и 
Input 1 1 
State a е b 
Output 00 00 
(b) 


Minimum-weight paths 
abdgei = DÓP 
abdce = DP 

Thus, 
= 6, М(а) = 2 





13.3-5 
М =110101110111000000 = 1 + р + р + р? + 1 + 0 + 0 + De р" 
а, =1+ 9 + D? апа С, = D+ р? апа С, =1 


X,=GM=(1+D+D)1+D+D+D+D+D+ 0 + 0 + 0) 
= 1+0 +D°?+D°+D"+D"+D" 

X,=G,M=(D+D*)\1+D+D+D+D+D+ D+ 1-1) 
=D+D +D +D +Ø +D +D +D? 

X, =M = 1+0р+0р +D + 0% +D +D + р" + р") 


j= 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
x, = 011 101 010 101 100 111 111 001 000 101 111 001 000 110010 000 000 
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13.3-6 


Redrawing Figure 13.3-5 to eliminate the input distributor, we have the following 
equivalent convolutional encoder: 





With М =110101110111000000 => 1+ 0 + 27 + 2 +0? + 0 + D+ 00 +p" 

and С, -1-07-07, С, =1+р+р? and С, =1+ D? 

Х,-бМ-(4- +р + DE D +D +D ар +В +В +0') 
=14+D+4+D’ +D? +D + 0 + D+ D + 0 +0 


Because we eliminated the input distributor => we will partition the output bits in groups of 2 
and select the second bit for the ouput = 11 11 10 00 11 00 10 10 
= x, = 11000000 


X, -G,M = 1+р+р + D- + D + D + О + D+ D + D) 
=1+D +1? +Ø +D + р' +p" 

=> 10 00 01 10 00101110 

>x, = 0.0 10001 0 
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13.3-6 continued 


X, GM = (+ DUE De D + РУ +р +D +D +D" € D^) 
=1+ 0 + D + р + р* + р + р?+р" 

=> 11 10 00 10 10 10 11 00 

>ех= 10000010 

Interleaving x, , x, and x; we get 

Input messageof 11 01 01 11 01 11 00 00 

>x = 101 100 010 000 100 000 011 000 


13.3-7 


Redrawing Figure 13.3-5 to eliminate the input distributor, we have (һе following 
equivalent convolutional encoder: 
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13.3-7 continued 


With M =110101110111000000 => 1+ D+ D? +D +0 +D +В +D +D" 
and G, =1, G, =1+ D° and G, = D’ + D 
X -GM - QX1- D- D' +D + +0 +В +0 +D') 

=1+0++р° +D +0 +0 +D +D +D'+0+0 


Because we eliminated the input distributor => we will partition the output bits in groups of 2 
and select the second bit for the ouput 

=> 11 01 O1 11 01 11 00 00 

=> х, = 1 1 1 1 1 100 


X, =С,М = (1+ 02 )1+р+ р + 0 + 0+ О + D+ D + D) 
=1+D+ D + р + р + р + р? + р" 

> 11 10 00 10 10 10 10 11 

эх = 10000001 


Х,=С,М=(р +р 1 +0р+ D' +D +D +5'+6°+ 0" +D") 
= D? + D* + D? +D°++D' + D°’ + D'+ D? 0 

= 00 10 11 11 00 11 10 10 

>x= 00110100 


Interleaving x, | xX, and x, we get 
Input message of 11 01 01 11 01 11 00 00 
>x = 110 100 101 101 100 101010 000 


13.3-8 


(а) The state transition diagram does not һауе а transition with а nonzero input that has a 
zero output => noncatastrophic. 

Alternatively, factoring G,(D)=1+ Г? = (1+ Р)(1+ D) and dividing 

G,(D) = D? + D+1 by (D +1) we get 
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13.3-8 continued 


р 


р+1р? +D +1 


D?’ +D 


1 


=> there are по common factors to G, (D) and G, (D) => noncatastrophic 


(b) The state transition diagram of Fig 13.3-5 does not have a transition with a nonzero input that has a ze 
output => noncatastrophic. 

Alternatively, with G, (D) = D? + D? +1, G, (D) = D? + D +1, and о (р) = D? +1=(D+1XD +1) 
Dividing G,(D) and G, (D) by D +1 we get 





р? D +D 
3 2 3 
D4l)D +D° +1 and D+1)D -0-1 
D? + D’ D? +D’ 
1 D’ +D+1 
D +D 
1 


=> there аге no common factors to G, (D), G, (D) and G,( D) = noncatastrophic 


(с) G(D) 2 D+ р? = D(D+1) and G,(D) = D? +1 =(D+1\(D +1) 
=> (Р +1) is common to both G,(D) and G, (D) => catastrophic 
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13.3-9 


First, we consider W, > W, section where 
1 


I-DI ' 


j— 


D'I 
T, -DIXT, xD = 

















-DI' 
T, = D+T, o —— 
Then, 
ЖЕК ВН D 
t 1-IT, 1-2DI' 
and T(D,I) = D'IXT, x D Sum 
13.3-10 
mM > = - У Ула, Па еа È Жама)» 
4-4, i-l 91 Іні d-d, Lid 
Thus, 


pel c E мера а)| where M (d) = Уа, ?) 


: i 2” а-су}! + Eua wa-a] 


4-4,41 


If Va <<1 ,then 1-a ~ 1 and М(4)2(о(1-о))77 <<M(d,)2" [aa - o0] ^ 
for d2d, +1, so 


1 а, а, 
кемш “о” 


13.3-11 
(а) 

ов 
4-0 
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13.3-11 continued 
Minimum-weight paths: abc = Г'Г so, d, => M(d,) = 1 


(b) 





Ита 
5 авай | рч 
(рт he D| T(D, D = D’ Ix xD= 
t | ) 1- DI 1- DI 


(с) 


ƏT(D, D D? 
1 04-01) 
Eq.(9) yields 


3 = 3/2 
Р, о. 


“1 [-24&d-o] 
Eq.(10) yields 


P = 23q 3/2 = 802/2 


be 
13.3-12 


(a) 


а - 00 





Аз II 


10) DI 


Minimum-weight paths: abce = D°I' so, d ‚ = 6, М(а p) =1 
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13.3-12 continued 














(5) 
1 
Т a 
ЕЕ 
3 
То РУТ xD = E : 
1- D?I 
D 
Т,-0-1,- 
3 DUET 
T. 6 
T(D,D) = D*Ix—3__x D? = DP. 
1— DIT, 1-2D'I 
(c) 
дт(р,1) | D? 
91 (1-2р?І)? 
Eq.(9) yields 
3371 _ 3 
elu 79 О ХЭЛ 
1 Ї-801-02) 
Eq.(10) yields 
P. = 260,6/2 = 640, 3 
13.3-13 
У ol n в\ 0! и о! 12 "n 
G 
Матчын 
R likeli heed 
рать 
" 
0 
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13.3-15 


5/-4 
fj-1 
tj- 
Sj- 
+ 





From g, = 2, = 2, =1 and g, = 2, = 0, We сап get: 
85,267, Фе’, Фе’, Фе", 


F 
Thus, s,_,,5;, and 5, are orthogonal опе’, 





Fromg, = 8, = 2, =1 and g, = 2, = 0, We сап get: 
8, =e De' Ве' Фе ) 
Thus, s,,.s; запа s; аге опћогопа! опе’, , 
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13.3-16 continued 





13.3-17 


(а) (37,21) => (35,, 21,) => (11 101,,10001,) where the 18 and Os define the feedback 
and output connections respectively. 
(b) (34,23) => (34,, 23,) => (11 100,, 10 011,) 


The corresponding RSC block diagrams are shown as follows: 


Що 


(35,21) RSC encoder 


Нр 


(34,23) RSC encoder 
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13.4-1 


(а) p=5, 4 =11=> ра=55 and ф(п)=4 х 10 = 40=2 x 2 x 2 x 5 2 pick e -7 (since 7 is relatively 
prime to 40. 

7d = 400+1>if О = 457d = 160 +1>d = 23 

у-х mod n and x = y^ modn 

х=8 = у =8' шо455-2 

To check => x = 2 тод55 =8 

х =27 = у =27' тод55 =3 

To check = x = 3? под 55 = 27 

x=51=> у =51 mod55 =6 

To check > x = 6° mod55 = 51 


(b) p=11, а=37 = pq = 407 апа o(n)=10 x 36 = 360=2 x 2x 2x 3x 3x 5 > pick e=7 
(since 7 is relatively prime to 360 

7d = 360041 > ҒО = 22 7d = 720 +154 = 103 

у-х mod n and x = y^ modn 

x 28 => y =8' mod407 = 288 

To check => х= 288” mod407 = 8 

x 227 = y =27' mod407 = 212 

To check > x = 212? mod407 = 27 

x 251 => y =51' mod407 =171 

To check => x = 171” mod407 = 51 


(c) p 213, 4 = 37 = pq = 481 and ф(п)-12 x 36 = 43222! x 3! = pick e =5 
(since 5 is relatively prime to 432) 

ad cams 0272-0504 cue 2з ДА 

y = x' modn and x = y^ modn 

x=8 y =8 mod481 = 60 

To check > х = 60'? mod481 =8 

x 227 = у = 27 mod481 =196 

To check > x 2196? mod481= 27 

x25] = у= 51 mod481 =103 

To check > x =103'” mod481 

= {[((103? mod481)° mod481)'^ mod481][103° mod481]mod481] = 51 
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13.4-2 


p =11, q=31 2 п=341 and ф(п) 210 x 30 = 300 = 2° x3x5 
=> select 4 to be any prime number greater than 5 
де = Офп) +1 => Ке =7 and О =1 > а =43 


There аге as many values of е as there are prime numbers greater than 5. 
ife=7 and Q=8 => де = Оф(п)+1 => а = 343 

=> pattern is such that for a given value of e апа а, 

successive values of d can be found by adding (n) to previous values of d 


It is also observed that the values of р and 4 must be such that the product of р, 4 
must be greater than the number you are trying to encrypt. 
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Chapter 14 


14.1-1 


G,Cf — f) +G, f+ РА 





x - | G(naf == 


2 


д2 = 
=12| С, Q)df since С, Cf — f) and С, ( f+ f,) don't overlap if f, >> r 








_ А Е — [sine (f та [sow | 



































2| 12, 
A 2% =: ӨӨ 2 -4 
шэг gu D 2 m- DOM - 1 
2| 12, 4 
A (M-)! P = 12. М-2 
Реза СЕТ i e 
4 4 x 4M-2 |34 MO 
14.1-2 


(а) х0) = У а, p(t) where p(t)= u(t)-u(t-T,/2), where x, (t) -0 


а, -0,1 = т, =1/2, o =1/4 
2 
X БП тау) 1. | f 
| “=| — | чпс | — |= —csinc/| —— 
ill E Ез 4n, E 
0 
ян 


= (ти) 1P)? =+0 














G= sinc? Ie 
165, 2r, +n odd (2лп 
4 
А> 4 644) 
£ 
А, Te 72. 
Ty — t 


14-1 


14.1-3 
т, =1/2,‚ © =1/4, ТЕК 


Ь 


h, 2 n 2 
us cu UM sore ee) Sf –пђ), 
T 1-0 
Реј јен та. f=+1/2T 
Epp h 
0 / 52 т>0 
(а) 2т=Т,=1/”, 


т, = 


G, (f)= 





1_sine*(f/7,) 1 1 
ее a ГЭ 
165, | C In +16 Of) + [007 ђ)+ (Л +] 







Бол ы " 


lon, 


7 


(5) 27 = 2T, -2lr, 


1 2 
бору Л SERT 15) 
32 27, 5 Ұқ, 





14.1-4 


(а) ForkD«t «(k *1)D, x,(t)=a, andx,(t)=a,,,, with a, = Xl 
Thus x (O+ (шо for all t so A(t) =V2A, for all t 


(05,44) 


whereas фи) = Үлгі ы) | Pp(t— кр) 
a 


2k 


(b) For kD<t<(k+1)D, x{t)=a,, p(t-kD) 
and x (f) 2a; 4 p(t-kD), a, = #1 


Thus х2(1)-52() 22p'(t-kD) so AC) = «2А, У | pa - kD) 


АЕ КР) = Уг >l p(t— kD) 








and ф(г) Е? агсїап Ё 


21 


т,-й,-0, б:=а; = (т -1)/12 from Ед. (21), Sect 11.2, with А=1 


| so Р(0-0 for 1/>г 


б, G(f) - Meo “ЇЇ 2) 









3 А? 
с.(/)-ін 16,07 - fe) + Gn (f £2] 
1 =f >f, +B, 
where ІН, (72412 f=f, 
0 0« f « f, - p, 
4,4! Ae (М*-1)/48 r 
Қысы; 
е 5 4. 


4-8, Ж kta hrr 


14.1-6 


(а) 
га) 
#109 ‘ ух % 7 
Ам 11 | t (1l { | 
Ак! fot 12 | 1311 о! 
і i 


| 1 


Since x, changes from+1 to +1 while x, stays constant at +1, 


о | 
і 





and vice versa, it follows that Аф=+л/2 


(b) а,, anda,,,,, are independent sequences with т, = 0, 
отат; 

Time delay of x,(t) affects only the phase of Р(/), so 
G,(f) =G,(f) with 1Р(/)1 AP,(f)lwhere D = 27, 


Hence, С,(0-2 x ЯР,(/)Г- 2 inch OFT), same as QPSK. 


n, 

14.1-7 

А, В, С, 1, Q, 
0 0 0 97 В 
0 0 1 В о. 
0 1 0 -В 97 
0 1 1 -Q В 
1 0 0 a -P 
1 0 1 В -а 
1 1 0 -p -Q 
1 1 1 -~ -p 
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14.1-7 continued 


Let 1, = 1– С,) + C, B апа О, -Со-(1-С,р 


and construct reduced table 


А В, 1, О, 
0 0 Io О,, 
0 1 ы Qro 
1 0 Lo -Qw 
1 1 zi ко -Q,, 


Thus, 1, = (1— 2B, Ш», and О, = (1— 2A, )Q,, 
where (1—2A,)=a,, (1–28,)=6,, and С -(1-с,)/2, so 


1 1— ba с =+1 
„= DO cg t ЈЕ“ Ё 











2 bB c,=-l 
1-с 1+с ар с=+1 

О, =а | К + k |- 
МН 2 р а с =-1 





14.1-8 
x, (t) = A, [x,G) + х(1)| where, with a, = 0,1 


(т) = Dan, (kr, eos ө), 


х,(0) = уо -адр,(- ШЕСІ 0,) 
k 
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14.1-8 continued 
Then, from Ед. (7) with М 22andr- у, 


1 5 1 
9,00) =6,,07) = sine 7415) 


n 4 
A 
and С, (7) = | Gu f= f Gu — fo) Gy F +A )+G on +] 


Sincef, П љ, for /»0 we have 


gE dan iae E 728579. 














7, 7, 1 y, 


А2Ль 





71» 


14.1-9 





1-1, 
p(t) =cos ka — 5 М Т b | so modulation theorem yields 
b 


T2 ГА rea 57 5 г uds . 
P(t) = 21а р цог жин уч шанг 


y, n, 7, 
Thus, | Р( f) P= ip" Бе Ші 9 + (7, /2)) | 
ђ ғ, 


1 


But sinc} —+— So жене — +— |= + 
л) Lat 2 
р 2 


ә IPUDE- 2) то en sjera] 
Т (УЕ ОРЕЛ Tr Q2flrn)-l 


Ss 


2 сО8(7/ / 7, ) 
ПО) +1 


сэ 
N 
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14.1-10 
x (t)=A „соф; a,t)cos(@,t + 0) — sin(O,a,t)sin(Q) t - 0)] p, (t — KT; ) 


with a, =+1 and в, = xN/T, = Nr, 
x, (t) = у соѕ(о,а, Dp; (t КТ,) = у cos, tp, (1t - kT) 
k k 


№, 
=с08 D P(t- АТ, )-cosQ,t = SOR for all t 
Thus, С.(/) = — №, 12) + 8(f + Nr, I2)] 
x, (t) = У sin(œa,t)p, (t -KT,) = ) а зидар, (t -KT;) = ) a, зто p, @—КТ,) 
К К К 


where sin@,a,t =sin = (1-КТ,)- nv 


b 


b 


= соѕлМ sin Е (t— 2 -(-1) sin [nNr, (-41,)| 


МК 
апа 


so x (A =} Q, p(t -kT;) with Q,= (-1) 


p(t) = sin банш и(1-Т,)| 


О, =(—1)*й, -0 and 0: =a? =1 so G „Од = 62) 


Р(/)-31р(0|- КЕЕ 2р = pe] 


T Nr, - E | Nr, E | 
= sinc| f - E Те Ве” + sinc fec аллаға ы 








Виї e "IT x ura m g e gt IN -Da2 = (£j) ems 
2 
- Мт, 12 ~ + Nr /2 
Thus "sinc “sine [ЖЫЗ КЕ) ' sinc келч 
7, ђ 
14.1-11 





N=2: Gf) = АЈ -r,)+5(f *r,)]. с ae pine = ле | 
ђ 


y, ђ 
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14.1-11 continued 


Zac 
д“! ыг 


ferri fer, 3.23, 
Эс 2 
М=3: G(f) "m ЕЕ р G (f) ке 
4 2 2 ! 4r, қ, 7 


334, 13 








14.1-12 


(а) 


% Le) 


Аз 
Аш») 


ze) 


plk) 


(b) For 2kT, <t<(2k+1)T,, x (f) = a, cos E 


b 


(= зу) апа 


Ь Ь 


Л л UU 
x, (1) = ду = cos E (p ant -а, Sin Ie = жу) 


so x? (t)+ x2(t) = až cos? | =— (t — 2АТ,) | сад, sin? | (1 — 2АТ,) |=1 since a? =1 
2Т, 21. 


Thus, A(t)= A, forall t 
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14.1-12 continued 


(c) Letx (r) = у I, p (t - kT;) аах,0-У Q, p(t - kr;) 


k even k odd 


where 1, -а, for k even and О, — a, for k odd so 
12 = О? =1 and], =Q, -0 


, T [RD SD 
t КТ) = cos| — (t — 2KT, ) |П| ——— — 
PAESI EX D | 2T | 


5 5 
р (t)=cos(mr,t/2) [u(t + T, )—u(t -T,)] 
These expressions are identical to MSK, so С, (f) is as in Eq. (22). 


14.1-13 


Consider (К -1)7, < t < (k +ПТ, with k odd, so 
x, (t) = sin(O,_, + &4C1) Pr, [t — k- DT, ] - sin($, + а,с,)р„[1— kT, ] 
since cos, = 0, віп(ф, + a,c, ) = cos(a,c, )ѕ1пф, = cosc, sin ф, 


also sing,, =0, ф,|-%,-а, л/2, and c, , =c, * 1/2 so 


sin($, а, (С, ,) =sin М Ё + 5 | cos % bo: 2) 


за, за + 5 hi ф, sina, ,1/2 = (a, ,cosc, )(a,_, sind, ) 
=cosc, sin ф, 

Thus х, (f) = cosc, sing, for (К -1)7, < t<(k+DT, with k odd, 

and x,(t)= у О, p(t—kT,) where О, -віпф, and 


k odd 
p(t-kn)- e| Sh 2 (u[r- (k - DT, |-u[t-(k +7, |) 
so p(t) = cos (7/7 /2)[u(t - T;) - u(t — Т, )] 


14.1-14 

G, Cf) - sino? (f/ г) and г=>ђ => брзи = G, (f =0) 

Because we аге at baseband => usef = В, /2 => f = 1500 and а, (f =0) =1/r, 

"T E (f 21500) G, Cf = 1500) 
G, Cf = 0) G, Cf = 0) 

= sinc’ (1500/ г, ) € 0.001 => from sinc tables > 3.9=1500/r, = r, < 385 bps. 


| —30 ав => “| кене (1500/r,)) € -3 
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14.1-15 


(a) Assume Sunde's FSK = f, =r, /2; and = B,/2 =1500. 
Using Eq. 18 and neglecting impulses we һауе 


4 
G, f = 0) жа -С 


СІР max 
5 


G,,(f =1500 1 2 
ЖЕН 25522299 шкы ы Син е-е 
G, Cf =0) (2 x 1500/r, )* — 1) 


We get r, € 656 => sincef, =r, /2 => f, = 328 Hz. 
(b) Using Eqs. (21) and (22) in a similar way as (a), we get r, 21312 bps and f, = 328 Hz. 
14.2-1 


Since -s (t= s(t), У,,-0 and л, (0) = 2KA, p, (T, —t) соѕо, (T, -1) 


opt 


= 2KA,cos(Q,t — 27 М, ) pr, (1) = 2KA,cos(Q,1) 0 «t «T, 


2,1) hag | A d 25 
bik гуие | Г = 


14.2-2 
Palle: 


a t) = КА іп 
(a) h,, © 5 Т, 


| (Т, | Pr, T, – 1)соѕ 0), (T, – t) 
= КА sin Да A (t)cos(Q, t — 20 №. ) 


л 
= КА, sin ЇЕ) 0501 O«t«T, 





bit гуле _ _ _| Ме = КЕ, = КА27,/4 
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14.2-2 continued 






(6) 
Cb) gül № n 
«Та эм 
Carrier Sample 
syne -- {reser | V = хА27,/4 
Bik syre _ жарына Е Я CENE 
14.2-3 


27, 


E = [^ cos? 2n (f, + fi)tdt = А, fit+ cosán у. + ft ]dt 
0 





2 


0 
_ АТ, A sindn(f, + £T, _ АТ, 
2 2 4n Cf. fi) 2 








[1+ sin4(N, + f,T,)] 


Т, 2 
| А?Т, 
similarly, E, = | А: cos’ 2n (f. — f. )tdt А sinc4(N, — f,T,)] 
0 
2 


AT, 
and Е, = 5, + E )2 —— [2 + sinc4(N, + f,T,) *sinc4(N, — f,T,)] 








2 
If N,—f,T, >>1 then N,- ДТ, >>1 solsinc4(N, + f,T,) К<1 
2 
and E, = А.Т, 
14.2-4 


Е 
-— = -sinc(4f, / у) 
b 


—sincA | = 216 at À = 1.4 
so take 4f,/5 «0216 = f, = 355, 


Then E, - E, -1.216Е, and P, = Q( Al 216y, | 
14.2-5 


Ун = 0 


орі 


Таке К = ИА, $о 
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14.2-5 continued 


Кз(@—КТ,) чө (м, een | КТ, « t « (k - DT, 
b 


= cos[2n (№, +1/2)nt Fnk] 
оо +r, /2)t] k 2) 


– сов2л(М,т, >т, /2)ї] k odd 





14.2-6 


P =Q(.J2r,)=10° = {25 =4.27 


.74 
0(4.27со5 Ө.) «107 = Ө, < arccos t = 29° 


14.2-7 






XA, cos @ f + noise 


У) = z(t,) + No 


у 


А. соѕ(0 7+ Ө,) 


шө, = 22А, /Т, 


14-12 


14.2-7 continued 


Т, 
Z(t,) = | KA,cos(w,t +0, (+A,cos@,t)dt 
0 


2 7, 





2 


2 





= ЖКЕ, cos Ө, 


14.2-8 


80.) = А, cos o, А 


А 
ЕК 3 T, (нм, + 


«kA [[соз(, ) + соѕ(20,2 +8, )dr] 
0 


1 
20 T, 


[4 





[sin(4n М, +0, ) — sin9, | 


0<Х<Т, 


й(1—^.) = КА соз 0, (1-Х) t-T,«A«t 


for T, « t « 0, 


for 0<1<1, 


for T, < t « 2T,, 


Z(t) =0 
Z(t) = КА; [cose сове), (t — dÀ 
0 
l 
=—у-|'соз®,г+ 








RM 


[4 


-KE Heos ол + sinc(2N ,t/ T, )] 
b 


Z(t) = КА; Í соѕо А соз @, (t — A)dÀ 
г, 


КА? 
= 2: (ат, —t)cos@,t + 


t 2sin 09,1 
-КЕ||2--- (с801- 
1, 20 T, 


b 


t LAN 
= КЕ 2cos@,t ——| cos 00,1 + sinc 
T, T, 





sin 0) (2T, — 1) — sino, (t — T,) 
20 


с 
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14.2-8 continued 


If N, >>1, then Isinc(2N.t/T,) k«1 fort # 0, so 


t 
IE Ot 0<1<Т, 


z(t) = 
кеј 2-7 pose T, «t«2T, 
T, 
= кв оно 


b 


14.2-9 
T, 

E, = A 1400 [cos (оа = (1-0) А2Т,/2 since ФТ, = 20N, 
0 


Т, 
Е, = А21-00 | соз'(®,г)а = 1-а) АРТ, /2 
0 


Т, 
E, = –А(1-—0)(1+0) | сов? (@,t)dt = —(1—0°)А Т, /2 


0 
ажо)? +1–а) А27, 
2 2 
Е, - E, =| (1+0?)+ (1-9?) | AT, /2 = 2E, К1 +02) 


> р = оу ла а) | 


14.2-10 


Е, = (1+0? )А27,/2 


СО8(0),1-7 /2) = sinœ,t and w, Т, = 20 № so 
Т, 

Е, = А? | (соз? Qf + 20 sin 6.10860 1 + 0° sin? о, 4 
0 


= (1+02)А2Т, /2 


1 
Similarly, E, = E, and Е, = 2% + Е)=(@+о?)А?Т, 12 


Т, 
Е,--А | (cos 1-0? sin? w,t)dt =- -0° )А?Т, /2 
0 


Е 
Thus, Е, - Ey = AT,/2- 155 > Р, =0 у, 10 +0) | 
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14.2-11 


s, (f) $, (t) 
o Hf) h, (0) S/H 
* ЕМ» 


G,(f) 


НС P= М,/26,(7) 


Sn(f) = SIS, (0] 2 S, ()H, Cf) where S, (f) = SIs, ()], m=0,1 
If h, (t) = KI&(T, ^0 8,07, = 09] then 


opt 





2 
= 1 до g 5 
| 56 2 1. = zw, + E, —2E,,) where 


Е, i [ode 18,006 a= [is OREP d 


—оо 


Ё, - 5 па = | з озодй 


—oo 


= f EARO = | SAMSON] НА Pf df 


= [RMB Har = (88 


- со 





Thus, we сап write 
2Ё = | SUAS (AIH, AP af + | 8,098 GB ,СЭР df 
80 Е, + Е, = ЫН 


= [5С [S GO|- SGOSSCO - S 086. НЕ df 


= |15 -5 NECI 
11509 етері 


ныз = 1500 - CO 
ence ea ЈЕ - | 4G. (f) ај 
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14.2-12 


| s (t), (dr = А? | cos[2n( f. — f tlcos[2n( f. + f, tlt 
0 
А2 Т, А2 


= 5. | (сов4л/ а + | (соз4л/)йг} = 








sin4mf T, + 
e d 





sin47f, T, | 


since fT, is an integer => 51147 Т, = 0, and r, =1/T, 
A T,sindy,T, АЛ, 


-45-5 sinc4 f,, / к 
271 s ДЕ 


= |» (1)5,(1)41 = 


-А1 
If E, E, —p да 5 (Ds, (Ва = sinc4 f, / r; 


МЕЕ, 5 





14.2-13 


Ед. (9) > Р, = ој E, ap! N, | => to minimize Р, => maximize (1-0) 

= make p as negative as possible. With p-sinc(4 f, / 5 ) 

From the sinc Table, the maximum negative value of the sinc function =-0.216 
=> р=ѕіпсА = –0.216 = p 

with À = 1.4 


14.2-14 





: 5 АТ, А 
(a) Given Р, =10° and N, C10", E, == ==, Р = о(/2Е,7,) 
7, 


From Table, Р, =10 > 2Е, / N, =18.3 > E, = = x 10 =9.16x 10" 


= A? -2rE, = 2 x 9600 x 9.16 x 10" 21.76 x 10° 
= A, = 0.00133 V. 


(b) у = 28.8 kpbs => A? = 25 E, = 2 x 28,800 x 9.16 x 10" = 5.28 x 10° 
— A, - 0.0023 V 
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14.2-15 
АТ, ЗА. 


(а) Given P, =107 and N, 2 10, E, = 2.5 
n, 








Assuming Sunde's FSK, = P, =Q (Е, IN; ) 
From Table, Р, =10° > E,/ N, =18.3 > Е, =18.3x 1x 10" 21.83 x 1077 


= A? = 2r,E, = 2 x 9600 x 1.83 x 10? 23.51 x 10° 
= A, -0.00187У. 


(b) r, 228.8 kpbs > A? = 25 Е, = 2 x 28,800 х 1.83 x 10^ 21.05 x 107 
= A, = 0.00325 У 


14.3-1 


ал 1 1 
214 по] <103 = Ya > 28 "124509 ав 
50 Р, “О(/,)< 3х 107" 


14.3-2 


Iro 2 ер 

21% 2 0(ү1)| «107 = [хуя |216 ав 
so Р,«0(/у,|<2х10% 

14.3-3 


АТ, A 


С 


, 
2r, 








(a) Given P, 210? and М, = 10", E, = 


Noncoherent FSK, = Р, = Zet [2M = кезе? =1х 10° 


In(2 x 105)=—ү,/2 > y, = 21.6 = Е,/ N, => Е, = 21.6х 1 x 10" =2.16х 1079 
= А? -2,Е, 22 x 9600 х 2.16 x 10° = 4.14 x 10° 
= А, = 0.00204У. 


(b) z, = 28.8 kpbs > A? = 2; Е, = 2 x 28,800 x 2.16 x 10" =1.24 x 10? 
— A, = 0.00353 V 
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14.3-4 


(a) Sunde's FSK > f, -7,/2,В, =г,, and E, = 0 
= f, =14,400/2 = 7200, S/ NZI2dB = 15.9 


SYB 
y, = E,/N, GR 159x1 
МД» 


Coherent FSK = Р, = о (ЈЕ, /М, ) =0(\5.9) = 3.4 x 107 


(5) Noncoherent ЕЅК = Р, sie” = етп = 1.76 x 10“ 
14.3-5 
КА, = ALIE, =2/Т, 


T, 


м, 2 м М, 2 
22-49 2 EM 2 „о EM 2: 
= [но фр == ЕД dt = [cos © 


b 0 
= гэ аа) = => since f, >> г, 


b 7, b 
Thus A? /o* = А27, / №, =4E,/N,  whereE, = A:T, /4 
14.3-6 
c? =(N,/2)*2/|A(f)P df = м, | af 
0 


Tv 
B 


=(N,B/2)n since f./ B >>1=> arctan(-2f,/ B) = x /2 

Р, =1/2Р, -1/2e “ "9 where A^./80? = А2/4лВМ, and 
A’. = 4E,r, so A^./86? = AE,r, | 4nBN = (2r, /тВ)г, / 2 

=> increase г, by nB /2r, >т = 5dB 


14.3-7 


Take К = A. / E and thresholds at A, /2 and ЗА, /2 
уз, (yl Hed уубу ін? жу Cyl Ha) 


о А, > А, ЗА. ҮР ZA, 
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14.3-7 continued 


Тһеп Р, LAT Р. = z| x ) Р, Е | 








26 
Е,-0, Е ~ ADI2, E, (ЗА У DI2 where D=1/r 


1 
80 B= 7 (Ey +E, + £,)=5A,D/6 => Ар =6Е/5 


с Ар 


and — = 
б № 4 5N, 


Thus, P, =+(P, +P, + Ву) = ce + о(„ВЕ лом, ) 


А _ 4 АР 6E 











from Eq.(9) with E, = 











3 
14.3-8 
5 
ша SEEN ү, > = Sr =2x10 
L LNY, Yo 





(a) en «107^ = = =17 sors 2 х 10° /17 = 11.8 Кбрз 


0% 


=8.5 so r < 2x 10°/8.5 = 23.5 kbps 





1 
b) 0% <10* = >In 
i 2 Ti 2x 10* 


(0 Q(42y,)s10^ = v, >> х 3.75 «7 so r, € 2x10 /7 = 28.4 kbps 








14.3-9 

5 5. 2x10? 
---5, = Еһ ENN, = ђе — = 

L LNY, Ye 


1 


107 





(а) en <10° > y, 24185 = 21.6 so г, < 2x 10 /21.6 = 9.2 kbps 
X 





(b) so <10° => y,22In 5 | =10.8 so г, < 2x 10° /10.8 = 18.4 kbps 
X 


0? 


(с) Q(42y, )<103 = v, >> x 4.27? = 9.1 so r, < 2x 105 /9.1 = 21.9 kbps 
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14.3-10 


рР8К: Le «107 > [тих |822 





2х 107 
2 
1( 3.75 7.03 
| | 20 |<107 гэ хэлтгий Бан 
ВР5К: о 2y, cos 0, |510 = ye ES | cos? 0, 


BPSK requires less energy if 10, К.агссовл/7.03/8.52 ~ 25° 


14.3-11 


2 х 10° 


2 
BPSK: 0( (гү, соз:0, |510% > y, zl ы. _ 11.28 


DPSK: Без» 5107 = y, [сту FBP 








2| сов0, cos’ 0, 


BPSK requires less energy if 10, К arccos4/11.28/13.12 = 22? 


14.3-12 





72 2 1 2 2 2 
e0, p (x)= p, АЕ" ”° 
216 2106 


P,O) = Pa O) = 


1 x A.)24y21/202 
р»(х, y) = PP, O) = == о 
216 


For polar transformation: х= Acosó, у=Азшф, ахау = A dAdo 
зора САФ) dA аф = p, (x,y)dxdy = р.,(Асовф, Asing)A dA аф 
where (x - А,): + y? = Æ cos’ — 2AA, cosh + +A? + A’ sin? ф- А? – 2АА cos + A? 


. А ЭР 2 л 2 2 
Thus р,,(4,ф) = Ар, (Асоѕф, Азїпф) = Aem PR ашын 
ло 


14.4-1 


т, / В, 21.25 = Modulation types with т, / В, = 2 
(а) QAM/QPSK: О (т, ) 109 = у, 21/2 x 475° 210.5 dB 


2 
(b) DPSK with M = 480 К =2: 204 x 2v. sin z/8)« 107 


2 
> 275 | =12в ав 
8( 0.383 
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14.4-2 
,/ В. 22.5 => modulation types with r, /B, = 3 
(a) PSK with M =8 so K =3: =0(р х Зү, sin? л/8| «105 


2 
Y, 21 =14.0 ав 


2 
(b) DPSK with M =8 so К-3: 3 of iF x 3y, sin’ (1/16 р 107 


2 
ta ИЦ ЕТІ: 
121 0.195 


14.4-3 


”,1В, 23.2 = modulation types with r, / В, = 4 





(a) QAM with M =16 so K = 4: i yel газаа 


15 
2— 47 =14.4 dB 
Y, 12 


(b) PSK with M —16 so K — 4: Zo (42 x 4ү, sin? л/16) <10% 


2. 
ү, (3 =18.4 dB 


14.4-4 


r,/ B, 24.8 => modulation types with r, /В, =5 or 6 





(a) QAM with M = 64 so K = 6: {ik n ен" 


Y, > 1465 =18.8 dB 


(b) PSK with М = 32 so К =5: 


2 
„> ШЕСІ =23.34В 


о([2 х 5y, sin? (/32| <10% 


Сл | о 


“101 0.098 
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14.4-5 


x, (t) = A, cos(w,t + 0, ) 


Upper delay output = x, (t — D)2cos[@,(t— D) +9,] 
= А [cos(0, —6, ) + cos(20.1 — 20, D + 0, + 0, )] 
Lower delay output = x, (t — D)( 2sin[o, (t Р) +6,]} 
-- А, [sin(0, — $, ) + sin(20,1— 20,D + 0, + $,)] 
LPF input = A, | лб, cos(0, -0,)-(- соѕф ,)sin(®, —,)+ high frequency terms | 


Thus, v(t)= A, E біп(ф, —0, 4-$,) +51, -0.-0,) 
+240, -ф, -§,)+ sin, –ф, +, | 


= А, sin(0, +6, –ф,) = А, віп(6,) мһепф, =0, 








14.4-6 
ОАМ: Р, = 30 28 DPSK: P = 20 к? (1:/32) 
15К, №, 

Since magnitude of Р, is dominated by argument of О, we want 
AE х (0.098)? = “ол =, Eom, d reti = 52 

№ 15N, Egam 15 x 4 x (0.098) 
14.4-7 

2 
2Е T ЗЕ 
PSK: P = 2Q| | x | — QAM: Р=40 
| N, Bi | EE 
since sin T/M = T/M since ja Усаар М-1-М 
УМ 


Magnitude of Р, is dominated by argument of О, so we want 
2 
SE oan = a ЕЙ = Бом. 2m 


MN, N, (M En, ЗМ 
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14.4-8 
=A? (205 со 
| Ag V 244 ді ад 
216? 

0 


let à = (А- А, cosQ)/o and à, = (A, соѕф)/с 





Руф) = [ рм (АФ)ДА == 


soA=G(A+A,) and (42-2АА соѕф)/262 = (A? /2)— - (422) 





-А2/267 ,, © : 
Тһеп рф) = E е“? [а(к + је“ "odX 

210 - 

1 


= ее | мє“ dhth [еа 
27 5 % 


where Í Халах goo 

-№ 
[леа = [еа [еа = J2x [1-00] 
-% 99 


—oo 


and A?/20° -M /2= А (10- cos? ф)/26" = A? sin^ 0/207 
Thus py Q) еее eA m [1-00 )]} 


БЕЗІ d А, соѕф g sene? 1- 44 совф | 


2л Это 2 б 
14.4-9 


Use the design of Fig. 14.4-2 апа (1) change the 4th law device to a second law device, 

(2) change the 47 BPF to a 27 BPF, (3) change the +4 block toa +2 block, (4) eliminate 

the +90 deg block. = The output of the - 2 block is the reference signal and is cos(27f,t + ХМ). 
The zxN term is a phase ambiguity that depends on the lock-in transient and have to be accounted 


for. This could be done using a known preamble at the beginning of the transmission. 
14.4-10 


Use the design of Fig. 14.4-2 and (1) change the 4th law device to a Mth-law device, 

(2) change the 47. BPF to a Mf, BPF. The output of the PLL is cos[2M mt + Mo, + 274 ]. 

The 27N term is a phase ambiguity that depends on the lock-in transient and will have to be 
accounted for. This could be done using a known preamble at the beginning of the transmission 
(3) At the output of the PLL, change the +4 block toa +M block, giving an output of 
со81271--ф, + 21N/ M]. (4) Replace +90 deg block with an M output phase network. 
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14.4-11 


Y, =13 АВ-20,Р, = Р„К and К = log, M 


(а) FSK > P = en - seu =2.3x 10° 


(b) BPSK = P, = Q( 42v, ) - 0(42 x 20) = 1.8 x 107" 


2 NU 2 2207 
(с) 64-PSK = P, -24 кг | ха рата € 


= 0.0571 => P, =0.031 х 7 = 0.40 


(d) 64-QAM = Р, “ee 3K yb | 


К| Ju M -1 
Ей О л 
7| 46 63 


> Р, = P, x K=2.4 x 10° x 7=0.017 


14.5-1 


Eq. (6) > P= Миа О( Ма /2М ) = 1 x 107 
For uncoded QPSK > N nin = 2 and (а) иода = 42 
1510" = 20 ( .2/2N, ) => solving gives №, = 0.052 


ТСМ with 8 states, т=т=2 = М = 2 and g=3.6 dB=2.3 


аз), dius 
nini = din) uncodea. mE 2.3 => @ ы) ыы = 4.6 
(аш, ) ипсоаеа 2 


5р =20 =e = 40 x 10" 
2 x 0.052 


From Eq. (5) => 2 = 
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14.5-2 


From Ungerbroeck (1982), we have 








d, = 
тке 
SM а, = 2 
sone bod = 5550 

14.5-3 
Input: хх 00— 01-> 109 01— 11- 00 
Output: у, у, у, 000—100  011— 0105 111—111 
State: a b g b h е 
14.5-4 


What is the distance between paths (0,2,4,2) апа (6,1,3,0)? 


Using Figs. 14.5-4 and 14.5-7 we have: 





| 2 2 2 2 бер | 2 2 2 2 
4, в +45 td, ә + d, э0 — 4, +4 +4 +d, 


= 2» + Qsin x/8)) + (25іпл/8) + (V2)? 2452 223 


14.5-5 


See error event Trellis diagram of Fig. P14.5-5 


ds - dy. eT а; a t 4 gor а? 2 = d; ға; +4 +4 
= 2+ Asin?n/8 + 45іп2л/8+ 2= 5.17 


= coding gain = тока 527) - 4.13 АВ 





14-25 


Сһар{ег 15 


15.1-1 


S, Еһ E 
(a) With DSS (S/N), = (S /N), == 0 = — = 60 dB = 10° 
№ Not, No 





сэ 


with N, =10 => Е,-107 
Sg =E, Xr, =10" x3000=3 x10? = J=15x10” 


Since JU М, ме сап neglect noise and use Eq. (13) and J / $,—5 giving 


4107 2P, PR E 
Б. =10°=0 (5 | = 52 =2Р,/5 => P =676 


Eq. (9) with У, 23000 W, = 67.6 x 3000 = 203 kcps 

















(b) B, 2 2x W, = 2x203 x 10° 20.406 MHz 





15.1-2 
P, = 30dB = 1000 With Eq. (13) we have P, = Q 2249М ge 
715, 
„ 2000 ; : 
= 52 = = J /5, = 74.0 => jamming margain = 10102 (74) =18.7 dB 


R 


Jamming margain = 10x log(J/S. ) 
=10xlog(P, )—10xlog(E,/N, ) 
-10х1о8(1000)-10х1о6(1352)-41869 


15.1-3 


(a) (8/ М), -20 dB = 100 = Е,/М, 
W, =10х 10° and z, = 6000 = W, > P, =10х10°/6000 = 1.67 х 10° 


1 
{M/(3 х 1.67 х 10°) М,/2Е, 
1 


= 5.22 = БОЛН = М =159 additional users for a total of 160 users. 


5000 200 


With Eq. (19) we have P, -107-0 
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15.1-3 continued 
(b) If each user reduces their power Бу 648 => 6dB=4 => E,/N, =100/4 = 25 


Using the results of part (a) we have 


5.22 = — =» М –1=85 additional users for a total of 86 users. 
5000 50 
15.1-4 


Let d = distance between the transmitter and authorized receiver then 


4, = d + 500 = distance of the multipath, Т, multipath travel time and c speed of light. 
With d, -схТ, = Т,-а,/с-500/3 x 10" 2167 us 


To avoid multipath interference Т <T, = У, > 600 kcps 


15.1-5 
| | ЭР 3P d 
Using Eq. (2) with M —1 —9 additional users (10 total users), we have P, = О "p = 10 


9х 5.22 /3=Р =81.1 =W, =P, x r, =81.6 x 6000 = 487 kcps = W, 


8 


15.1-6 








2Е 2Е 
With P =10° =Q > |» —* —6° = 36 
М, № 


Eq. (19), M –1 = 9 additional users and Р.= 107 = О 








W, 
= Р =326 = — — = W, =1.96 Мсрв 
6000 


азе rir 
qe cv ар 


ЗР, 36 
15.1-7 
r, =9kbps, J/S, = 30dB = 1000. and P «107: 





2Р 
Ts 8 УНЕ E 
Eq. (13) 10 = | 1006 Б 25S 2Р, 71000 => Р, =13,520 
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15.1-8 
Р, = 304В = 1000 and assuming negligible noise, 





ЭР 
Using Eq. (20) P 2107 =Q “_ |= 3х 1000(M -1) 25.2 = M -1-111 
8 £q е М-1 


=» 112 total users 


15.1-9 
r, = 6kbps, W, =10 Мерв > P, =10х 107 /6000 - 1667 


2Е 2Е 
For single user Р, = 1077) then Eq. (6) = 10%-0 > |=—»ъ64?°=41=—— 
5 е N N 








0 0 





If each user reduces their power by 3 dB =2 > Е, > E,/2 = 2E, 41/2 =20.5 
0 
Eq. (19) we have 10° = О — — € = 4.27 кыы —S 
= E М-1 1 " M-I e 
3 х 1667 T 20.5 3x1667 20.5 
M —1= 26 additional users => М = 27 total users 


152-1 
(a) E/N, = 6088 = 10° and if N, 210? => Е, 210*/10?! 210^? 
5, = E, xr, 210? x3000 23 x10” 

Те ЗА = 15х10 


Е, 1075 


Р -36 XMSN) —„ 107 = M = М,=324х 10" 
-12 
уй = 4.62 х 10' 
W. 3.2424 x10 
S 
_ У, _ 462x10 _ 154 





* WE 3х10: 

Икер SS SIS 

Ifk=8 => B2 2256 

= ШР,- 256 = W, =256х3103 = 768 kHz 


(b) B, =W. =768kHz 
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15.2-2 
10 users = М =10 


P= aK- +(1/2) xe EON) [ e 2 


With P 210 for one user = first term in above Eq. dominates. 


2x10? zoe — P, - 450000 


8 9 


But P, = 2 > 450,000 = k=19 = p = 2'°=524,288 





Р, = = = W, = 524,288 x 3000 = 1.57 GHz 


8 
х 


15.2-3 
From problem 15.2.1 5, 23x10", J =1.5x10"', \ =3000 


2P [2w /3000 
Using Sect 15.1, Eq. (13) we have 10” =Q — |=О|,|———— 
TAS. 5 


2W. [3000 





=52 = W 22x10 

P, = ЛУ, 22 x 10/3000 = 67 

B, 22xW, = 400 kHz 

15.2-4 

With k=10, = Р -2"-1024 

and with 7, -6000 = У, = P W, -1024 x6000 = 6144 kbps 
N, = J/W, = 6x10? /1024 297 6x10? 


-2 х 107! 
1- 0 1 -11 -12 0 1 22 x 107249.766х 1019 /0.1 
d -2x10^ /2x10 5 
——e* B +—e e 


From Eq. (4) P, = 
P, = 2.04х 10° + 4.99x 107 = 0.05 
15.2-5 


d = 5 miles — d = 5x1610 = 8050meters 
Ad - 2x8050 - 16100 


Ad=vxt = | 1=44/1=16100/(2.99х10*)= 5.38x10^s 
f = -1/(5.38х10”)-18.6 kHz 
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15.3-1 


(а) A shift register with [4,1] configuration, and initial state of 0100 has the following 
contents after each clock pulse: 


Clock shift Register contents Clock shift Register contents 
0 0100 8 1011 
1 0010 9 0101 
2 0001 10 1010 
3 1000 11 1101 
4 1100 12 0110 
5 1110 13 0011 
6 1111 14 1001 
7 0111 15 0100 


Thus, the output sequence= 001000111101011... 


(b) PN sequence length = N =15 


(с) f.=10MHz = Т.-10” s. With T, 


PN sequence 


= NT, 215 x 10721500 ns 


(d) Autocorrelation function, К, || уу (T) versus t 
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15.3-2 


(а) Shift register with [4,2] configuration, and initial state of 0100 has the following 
contents after each clock pulse: 


Clock shift Register contents 


0 0100 
1 1010 
2 0101 
3 0010 
4 0001 
5 1000 
6 0100 


The output sequence: 001010... 


(b) PN sequence length = N =6 


(c) f, 210 MHz = Т,-10 s. With T, 


PN sequence 


= NT, = 6x 10" 2600 ns 


(d) To calculate the autocorrelation function, we use the method of Example 11.4-1 to 
get: 








t original/shifted VD Raa aro ry 

0 001010 6-0=6 6/6=6 
001010 

1 001010 2-4=-2 -2/6 =-0.33 
000101 

2 001010 4-2=2 0.33 
100010 

3 001010 2-4=-2 -0.33 
010001 

4 001010 4-2=2 0.33 
101000 

5 001010 2-4=-2 -0.33 
010100 

6 001010 6-0-6 1 
001010 
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15.3-2 continued 


The plot of Ка (t) versus т 





15.3-3 


Given the results of Problem 15.3-1, 

(1) Number of 15= 8, number of Os: 7 = satisfies balance property. 

(2) Length of single type of digit: 4/8 of length 1, 2/8 of length 2, 1/8 of length 3, 1/8 of length 4 
— satisfies run property. 

(3) Single autocorrelation peak = satisfies autocorrelation property. 

(4) Mod 2 addition of the output with a shifted version results in another shifted version 

(5) АП 15 states exist. 

— А [4.1] register produces a ml sequence. 


15.3-4 


A shift register with [5,4] configuration, and initial state of 11111 has the following 
contents after each clock pulse: 
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15.3-4 continued 


Clock pulse register contents clock pulse register contents 


0 11111 10 11000 
1 01111 11 01100 
2 00111 12 00110 
3 00011 13 10011 
4 00001 14 01001 
5 10000 15 10100 
6 01000 16 01010 
7 00100 17 10101 
& 00010 18 11010 
9 10001 19 11101 
10 11000 20 11110 

21 11111 


The output sequence is thus: 1111100001000110010101-» N =21 
To be a ml sequence, the PN length should be N = 2" —1 = 25 21231 


21531 = the shift register does not produce а ml sequence 
15.3-5 


(a) From Ex. 11.4- 1 and Sect. 11.4 we get the output sequences from [5,4,3,2] and [5,2] 
configurations to obtain [5,2] Ф[5,4,3,2]= 


1111100110100100001010111011000 
Ф 1111100100110000101101010001110 





0000000010010100100111101010110 - output sequence 


ntl 


2? +1 


© |R.|=| —- = (2° –1)/31=0.29 





R, 








15.3-6 


0.01 miles x 1610 meters/mile = 16.1 meters 
From Eq. (7) we have Т, = Ad/c =16.1/3 x 10° =53.7 ns 
=> /,=1/Т, =1/53.8x 10° =18.6 MHz 
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15.4-1 

With 5 Hz/hour drift = chip uncertainty/day = 5 chips/hour х 24 һош/дау = 120 chips 

15.4-2 

f. = 900 MHz, ја =10 MHz, and v = 500 Mph, and light speed = c = 3 x 10° M/s 

неа m: £ 500 Mph x 1610 M/mile x | 8 s х 900 х 10° s^ 
с 3 х 10° М% 


= 671 Hz 
500 Mph x 1610 M/mile x 1 hour/3600 s x 10 x 107 s' 


b) Doppler shift = А xp dok 
шиг йн x 3 x 10* M/s 


= 7.45 chips 


15.4-3 


(a) Using Eq. (2) with a preamble of / = 2047, T, =1/ Г „а =! x 107s a=100, 
P, =0.9, Р,, = 0.01, and assuming that the average phase error is 2048/2 chips we have 








== 2-P, 2- г 9 
Та = (1 AP )№ ІТ = (1+100 x 0.01) х 1024 х 2047 х 10” 
р 
-0.51 
(0) Using Eq. (3) we һауе 
1 1 
Ci: =(2 x 1024 х 2047 x 10)? x (14100 x 0.01)? 2 = 0.15 
1 12 0.9 0.9 
б, = 0.38 
15.4-4 


(a) 12 stage shift register => [= 4095, then using Eq. (2) with T, =1/ f.,,.,=2 x 10*s a=10, 
P, =0.9, P,, =0.001, and assuming that the average phase error is 4096/2 chips we have 


шээх Dp 2-0.9 
Ты = p+ OP МТ, = 








(1410 x 0.001) x 2048 x 4097 x 2 х 10° 


D 


= 0.21 


(0) Using Eq. (3) we һауе 
1 1 1 


07,,, = (2 x 2048 х 4095 x 2 x 10)" x (1-10 x 0.001) [5+ 05 


asl 0.024 


= 0.15 


О rac 
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Сһар{ег 16 


16.1-1 
Pinot F) = 4/5 => I= log 5/4 = 0.322 bits, P(specific grade) = 1/5 => I= log 5 = 2.322 bits 
50 Деейеа = 2.322 — 0.322 = 2 bits 


16.1-2 
(a) P(heart) = 13/52 = 1/4 = 1=105 4 = 2 bits, Расе card) = 12/52 = 3/13 = 
I= log 13/3 = 2.12 bits, Г =2+2.12 = 4.12 bits 


heart face card 7? 


(5) Р(тед face card) = 6/52 = Io log 52/6 = 3.12 bits, P(specific card) = 1/52 = 


1 = log 52, [ ведеа = log 52 — 3.12 = 2.58 bits 

16.1-3 

Including the direction of the first turn, the number of different combinations is 

2 x 10? x 10? х 102, assumed to be equally likely. Thus, / = log (2 x 106) = 20.9 bits 


16.1-4 
H(X) = 1x1 -Hx24 4x34 4L (2x 4;1n20-- + 1140) 21.94 bits, 6H(X) = 11.64 


P(ABABBA) =(2у (2) =} => I-log2? = 9 bits < 6H(X) 


2? 


1 


P(FDDFDF) =(-LY х(4- 2 ———— 
)=(%) (ж) 512х10° 


40 20 


= I= log (512 x 106) = 28.93 bits > 6H(X) 
16.1-5 


1 1 1 1 1 1 | 
Н(Х)=——|0.4ї0—+0.21п—+0.121п——+2х0.1ш —+0.081п — |= 2.32 bits, 
112 0.4 0.2 0.12 0.1 0.08 


6H(X) = 13.90 bits 


Р(АВАВВА) = (0.4)3(0.2)3 = 5.12 x 104 = J=log = 10.93 bits < 6H(X) 


5.12х10`* 


P(FDDFDF) = (0.1)3(0.08)3 = 5.12 х 107 = I=log = 20.90 bits > 6Н(Х) 


5.12х107 
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16.1-6 
Since the first symbol is always the same, there аге М = 8 x 8 = 64 different blocks, and 
H(X) = log 64 = 6 bits/block. Thus, R = 1000 blocks/sec x 6 bits/block = 6000 bits/sec 


16.1-7 
There are М = 1615 different blocks, and H(X) = log 16!5 = 60 bits/block at the rate 
r=1/(15 + 5)ms = 50 blocks/sec, зо R = 50 x 60 = 3000 bits/sec 


16.1-8 


КЕЗЕ: 22 2:2 = 
Py TIL = >Р, =1 => D БИЕТ: Риз ==, 


ү + so Н(Х) = 2102 =+ 11023 = 0.920 bits/symbol 


Т, 


а. 


„ =, 204, 1=Т = 2х0.2+1х0.4= 2 sec/symbol 


r 


Thus, R = (3/0.8) x 0.920 = 3.45 bits/sec 


16.1-9 
2 1 І 2 І 
P,;=1-(P,+P,=2-p = О >) 
= 


When p = 0 or 2/3, Н(Х)-41083--210 = = 0.918 bits 


16.1-10 
Let P, = а so P, (1 - ОММ– 1) for i= 2, 3,..., M 


1 1-а М-1 
Н(Х)= 0,102 —+(М -1 10 
(Х) > ( Ли | ЭР 








адор зао) [log(M – 1) -log(1—0)] 
о 
-108(М-1)- o| log орм -»- (1— 0)109(1 0) 


1 1 
But 109(1-0)5---1(1-0)5--1-0-407-407-:--| so 
at ) 102 ( m 


i guo ШЫ T өндө Thus, 


-1-00108(1-00 = 
( )log( ) 112 112 112 


1 
H(X)=log(M -0+а log log —1)+log У 
о 


























= 105(М –1) + ог т ИТП M -land Пе 
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16.1-11 
-log P; ON, <- log P;,+1 = 2%%>2%>2%021 so Р>2 “> 


Thus, рыу” i> уг where ор =1. Непсе, зуы ээ 4«К«1 
i= i=l 


i=l 


16.1-12 


лошо | | | | о | 05 | 
ТИЕЛИ И ИНЕ НЕЕ ИШЕ ШЕР ТЭНИН СЕР 
ера | | 10 | 037 | 


| 2|120111111101 | то | 02 | 
| Е|1401111111110 | 110 | 025 | 


H(X) = 1.940 bits from Prob. 16.1-4, and N = 1.950, so Н(Х)/М-1.940/1.950 =99.5% 





16.1-13 
Since P, = 0.4 and Р, Р, = 0.6, the dividing line at the first coding step can be between А and В 


or between B and C. 


[x ee Себет Рм | || Code mt) РА | 
| Та 04 | ИВС ЕТС 


ПО а а О по 04-31 ГЫ | [Соз 





НОО = 2.32 bits from Prob. 16.1-5, and М = 2.4 , 50 H(X)/N = 2.32/2.4 = 97% 
16.1-14 


1 1 | 
H(X) = 0.5 + — | 0.4Аш—+0.1ш — |=1.36 bits 
112 0.4 0.1 


(а) М-1.5 зо Н(Х)/ М =1.36/1.5 =90.5% 


put P| | | Code вм 
ек 7 Ose 





(b) 2N =2.78 so H(X)/N =1.36/1.39 =97.8% 


(cont.) 


| | Codewords | РИМ | 


r|o[o[| | uo | о5 | 

l БӨС өг (055: 

0.04 ГЭЛЭГ pano [020] 
LB С TF ПБ ЕБ ОО 1010-1024 
сс өм Е 21141: ша 96 71 





1 1 1 
НО (082 0 Die 
In2 0.8 028 


= 0.7219 bits 


(а) 2N 21.56 so H(X)/ N = 0.7219/ 0.78 = 92.6% 


| x | P; | | | | Codeword | РМ, | 
| AA | 06 | oo} | | о | 04 | 
| AB | 016 | ito} | 0 | 032 | 
| BA | 016 | 1| 1| 0| по | 0% | 


(b) 3N = 2.184 so H(X)/N =0.7219/0.728 =99.2% 


[xk | Pa | | | | | | Codeword | Руму | 
Ci [osi v] ү "о" щш 
| AaB | 0.128 | 1 | 0 | O | | | 100 | 034 | 





| ABA | 0.128 110111 | | 101 | 0384 | 
| BAA | 0.128 | 1| 1| 0| | | 10 | 0384 | 





| ABB | 0.032 | 1 | 1 110101 10 | 0460 | 
| ВАВ | 0.032 | 1 | 1 | 0| 1 | шо | 0460 | 


| ВВА | 0.032 | 1 | 1 (111101 шю | 0460 | 


16.1-16 





Н(Х)= РН(Х |0)+ BH(X |) -4|Н(Х(0)-Н(Х10)| 
P, -Р(0|1) -3/4 = Р,=1–Р(0|1)=1/4 
B,-P(1]0)) 23/4 = B,-1-P(10) 21/4 
Thus, Н(Х|0)-Н(Х |) =+log+++log4 =0.811 and A(X )= 2х20.811= 0.811 bits 


16.2-1 


1 
Р(ху) = Р(х, |УЭРСУЭ апа у Р(х,у;) = PO 50 HOY) =) PO = а 


й 1 5 1 
JU + а Pay )log———= Н(Ү)+ НС |У) 
EY де РУ 3s EY Pœ Ian) 





16.2-2 


P(x, | y,) = PG;y;)/ Р(у,) so 











Р(х,у) 1 1 | 
= Y Per Noes ору Руј) [vez RO PES Ри 





1 
-H(X 
Р(х) (X) 


y 


where L Poy, ов —— re 5 у Р(х,уу) |» 


Р (х) 





1 
and likewise У Р(х, y log TER HOD 
x,y У; 





Thus, (2: У) = H(X)+HY)- у Ру, log =Н(Х)+ H(Y)- НОУ) 


Р(х,у,) 


i) j 
16.2-3 


Р(х) j= 1 
“ізі, p= Роу) = РО). 


Р(х,у) = Р(у,| x)P (х) 4 nm 


(cont.) 


16-5 


Thus, Н(Ү|Х)= о (5) x? РОВ 5 T 5 = i, PGDlogl- 0 
I(X;:Y) HY)- H Y | )  H(X)-07 H(X) 


16.2-4 
Ру) =ра - 0) +(1-р)В = В + (1 -а - Вр, Ру) =(1—-р)1-В)+р®=1-ф-(1-@- 
В)р 








-1-P(y)so H(Y) = P(y)log -O[B-« (1-a-p) p] 


t P(y,)lo 
Bon 5 РОЈ 





НО Ху = р | а-о 1. +0 105 — 1 a- p) вв – ДОН 


р 

= pO(o)4- (1. — p)XX В) so 
ЦХ;Ү)-Н(Ү)-Н(|Х)-Ор»(1-о-фур|- pQ(a)- (1 - pXX р) 
16.2-5 
If B = 1 - о, then POl) = PO lx) and P(y,|x,) = Роз) so the occurrence of y, or y; gives 
no information about the source. Analytically, if В = 1 - о, then Q(B) = O(1- о) and ОГВ + (1 - 


о - Вр] = 90 - а). Thus, (Х;У)- О(о)- рО(о)-(1-р)О( о) -0 so no information is transferred. 


16.2-6 








Q(a+ bp) = (a+ bp)log : + (1- а- bp)log 
а+бр 1 


1 
—a-bp 


= – [(a-* bp)log(a- bp) (1— a  bplog(1—a —bp)]| and 4 flog, x(p)] = (јереј 25 
ар х ар 





50 4 Q(a +bp) = —blog(a+bp)—(a+bp)(og e) S (-b)log(1— а – bp) 
dp a+bp 





—b 
—(1— a — bp)(log e) 
( p log ENS 


төс 


= —b[log(a+bp)—log(1—a —bp)] = blog (cont.) 


4 1(x;¥) -Z op ғ(-20)р|-0-(-20)о12924-20Р 6 
P 


2 о--(1-20)р 
1-а-(1-2 

EO SEDE 1g о Bat 
о--(1-20)р 

16.2-7 


ЦХ;Ү)-О(р/2)-рО(1/2)-(1-р)О(0)-О(р/2)-р since Q(1/2)=1 and О(0)-0 


тр - 
and Жо: pe dig 22. 2Р >а E Р so 

ар ip p 
рууга = 2 120 > 2-Р т =» р=+ 
ар р р 


Thus, C, 2 Q(1)-2 = 11005 -ilogi- 2 = 0.322 bits/symbol 


16.2-8 
I(X;Y) = QB p/4)— pO(1/4)- (1-2 p)O(0) = О(3р/4)-0.811р since О(0)-0 





Tod 


ша 
апа =. iP _3log 
dp iD 3p 


4-3р 


2 (x; ¥) зан ОЁ 0.811 =0 > Tp 
dp 3p 


—2045981).5 12 = р=0.428 
3p 


Thus, C, = €0(0.321) - 0.811 x0.428 -0.557 bits/symbol 


16.2-9 
P(0) = РА) 221-0), P(E) = 10+20= а 


ноја te 











2 
lo 
51 


pabed- ed los | : 
о 


Jabe iaria 
а 





1 1 
НО) =2ж -0log кайов-Е+0ов |= (00) 


І-а 
Thus, C, = max (Х;У) = H(Y)- Н (Y| Х)-1-о 
162-10 

P(n- > ko) = P(n—n> ko) + P(n-n< 9) < МЕ? so 


P(n=n+ko)<4—P(n—ns Жо) Vie 


16-7 


З | 


а- 
о 





Letd=nt+ko = k= where d =NB,n= Ма, о? = Мо(1-а) 





Then Pos 5 E Мо(1-0) _ 0(1-0) 


d-n) (NB-Noy м(р-о) 
16.3-1 


p(x)=1/2a for |jsa 8-( хр(хак-а?/3 
Н(Х)- [| - tos2ads = log2a=log \/125 = 1106125 <21062ле5 since 2ле =17.08 > 12 


16.3-2 





pa) - T e and S m For x 0, log =log—+axloge, so 
a Qa 


р(х) 
0 ах 2 0 ax © 271 5 1 
Н(Х)- aff 5* log — аи + |, P ox log Хас (ове) 7 
= 2 = 2е = 20_ | 2 1 . 
= юк: но = log == log v2e S = 2102265 < 4log2reS since 1 >e 


16.3-3 





2 
—у, log 


S= par” dx = 
У а р(х) 


-axloge-loga forx ® 0 


H(X)= А ае “(ax loge) ах | ae ^ (loga)dx = a’ (log Е а= log < 
0 0 а? а 


= ове 5/2 = Нове 5/2< 11062ле5 since 2m > e/2 


16.3-4 


1 2 
цацаг: е (cont.) 


16-8 





eir. =. -— 
на res - Јени [= ас 
Х 


а 


а 


_ (ам үе (z-b іш 
"rel (ЫЛА жт ЕЗ 
Х 


1 





= Іов |а| р) py Alog A їюв| | -Н(Х) 





Рх 
16.3-5 
Грдас-і => бара ери апа | xp) dx =m = Е,-хр,с, =m, Sos 
Thus, -Retay 40,х-0 = о р-е зиду Ke" xy20 


| ке “ах=К!а=1, | хке“ dx-Klaà =m = К=а=Ит 


Непсе, р(х) = lom, (x) and H(X)= T px) log m+ Log | dx =logm+ log e= logem 
m m 


16.3-6 

[рода =1 > Popea ШИ and Гхродах-8 ES e рубу Som ud 

0 др 0 др 
_1пр+1 





(M 1n H) аад)? - 2 0 


Thus, - +À +А,х =0 = р=е 








0 


п 
[ke ас- E екет а 2 ул, > K= 2 gai 
( 2 Va 0 


e * 25 (х) and 





Hence, р(х)= 


2 
4215 


= |15 : [т$ 1 TS Tes 
HX =| p(x)| log tog шеш it 225 = Hog + Поре = 106—7 





16.3-7 


I(X;Y)- = || bats улог соо апа 


xy ХУ 


Joo POP _ 1) рхбдруО) 1 аным | 
og = <— 1 
Рху(х,У) 112 Рху(х,У) Іп2| ру(жу) 
1 ([7 Px C) py C?) 
Thus, 1X; P) 2 == | f расо) | nier dxdy 


= E руу(х,у)4хау- ГГ. Ру (x)py ах | 


where || р(х, у) ахау =1, [| рр) ахау = | py (dr | ру(ујау=1 
Hence, I(X;Y) > 0 


16.3-8 


$ В 104 
R< C= Blog| 1+ = —— | 1+— 
МВ | 112 В 


3 
В=10 => R< Lini — 3459 bits/sec 
n 





B-10* = К<10'02,2 210,000 bits/sec 


5 
В=10 = R< t In1.1713,750 bits/sec 
n 


16.3-9 

R<C=3000log(1+S/N) = S/N 227°% —1 
R=2400 = 8/МУ>2%-1-0.41--1.3 dB 
R=4800 = 8/М>2%-1-2.03-3Л dB 


К =9600 = S/N>2°?-1=8.19 =9.1 dB 


16-10 


16.3-10 


Бо» -1), №В= 10% х10° =10°, $210? (ae -1) 
NR К 


R=100 = $210?(2?! -1) 20.072 mw 
Е-1000 = $210?(2-D-21 mW 
К =10,000 = 8>107(29-1)-1023 mW 


16.3-11 


For an ideal system with the same parameters, 


Br/W 
H “үхэж —1=(1+3)'°-1=60.2 dB 
N D МВ, 


Since ће clatmed performance approaches an ideal system, the claim is highly doubtful. 


16.3-12 


4 
b=4: (x) (+4) -1=10' > үе36 
N |, 4 


12 
ваза: || e 1229 | -4ва  722:4В 
N |, 12 


о 
| 


S 4 
4: (x) 411) -1=10' = үе36 
м | 4 


1/2 
Жаса сатса ap sae ae 
N |, 1/2 


16.3-14 
b=4, LN ,=10fx100x10"° =10* 


4 
H [4] -1=10 = ү-4(1001%-1)-18.5 = S,-YLNW 25.55 W 
D 


16-11 


16.3-15 
b=2, 14-10 х100х1077-107 


2 
H 413) -1-10 = үз2(41001-1|-613 = S, = уму =36.8 W 
р 


16.4-1 
||| = Е,=4, М-Е.-» || =јужиј = Е. =8 
5 =p + и] => ю=о, Е, = =62+ 2 = 37 
| |=2/2 [м] =6 
Ім|-2 | з-і 
ІМ 


ІМ-2 
16.4-2 
МЕ, =4, | -5,-12, Ja [+f = Е,=16 
5-1 = ®ю=о E = = (0) =39 


4-4 ВЧ =6 


TENE Е 054 -ч5 
ІМ 


ІМ-2 
16.4-3 
У =М +26») + hf and [ow] ММ so 


Хилу соју] => рый М +2 ыы = (ММ) ~ тэвнэ Ын 


16-12 


16.4-4 
With v,, = aw, (v — v,,w) = (v - Ow,w) = (v,w) - &(w,w) во(/-у,м)-0 


a = (vw (w,w) = (ум) 


(у, и) 


2 
Ш 


1/2 
But (vv? © (vifi зо |», | МИН -М 





Непсе, у, = 


w and |v, |’ = (cov, ow) = ог м? = (ы) 2| її Жэ 


16.4-5 


| -(ла-2 = e =s, [5145 ||<1 














1 ¢ 1 
сув) = | Feat =0 => @,=5, = Џеј = [ га == = = = = {| <1 
2 
2 
сы. (5,95) = | P irat =0 80 
2 
ETT 
Thus, s, 2429, 5-4/%,, = £9,+4=209,+ 559, 
16.4-6 
ВЇ-11а-2-- Ф = ДЧ-/-2 Д<1 
1 2/2 242 1 
(5, 90-| S ra 248 => 8& =f, Ae 
4 4 8 E 2 
lef = [o пен не e 1-—у50 ф,= а с [| <1 





b. 1 T 2 
(а ,фФ) = ІН sin 7741 =0, (8,,,)- | sin шэн СЕЗІ =0, so 
£475, Іһ | - |; sin? ша =] = Ф, = 5, =ѕіп л М <1. Thus, 


2. 2 
m \л2 -8 OAs 


» 5 = Ф,+— = Ф, + Ф, =Q 
T T T T 








16-13 


16.5-1 
(а) Ф сү = c, = а2/2 so take 


а | So <= (У,51) от (У,55) 












Choose 


y(t) 


> 


larger 





(5) сү = С) = а? so take 
Ф| Z = 07,51) 0 = (7,52) =-(у,5) 
Since 7150 0 


y(t) Choose ES 
(c) 
S €, zı = (бу,5у) – a2 
а/2 а т 0 


(у,5) > a?/2 
y(t) 





510) a?[2 larger 


16-14 


16.5-2 


(а) Фа | 5 Since all c; = а2/2 take 
<= (у,51), от (y,55) 
53 5 € 23 = (9,83) = -(у,51), 24 = 054) = -(у,9)) 





y(t) 
(b) Ф 
e 
а | 5 53 су = су = 42/2, c3 = а?,с,=0 
z = (s) – а2/2, Z = (у,5) - a?/2 
al2 23 = (ys +52) – а? =z + 25 
2 =0 
54 
0 
y(t) 





16-15 


16.5-3 


Е, = (Ма) for all į so E = 1ха(Ра) -2а! 





For all i, Р(с| т,) =[ p,(B,) dB, | p,(B.) 4B, ЇГ | where a = АЇЕ/2 
ы si 4Х,/2 


Б:411-01 25142021 ај = 
те 4 N, | ој О | z 


16.5-4 
E-(Day 1=1,2,3,4 
E, =0 


Ф, E = 1х 4 а): = &a* 





Since s; is nearest neighbor to all other s, а, = «2а = 4/5 Е/4 Тед 


2а | 5Е 
Thus, P, <+х50 =40| |— 
5 | NN, | | 8№ | 





16-16 


Ф, 





-2а 56 57 5% 


Е, = (ба) і-1,3,5,7 
=20а)? і-2,4,6,8 
-0 1-9 


E= 


Р(с|т)- р») AB, | p,(B,)dB, = 1-24)’ 


For i= 1,3,5,7 Р(с|т) = | рф) dB |" p, Bap. =0-4X1- 24) 


1 
9 


| 4x(2a)* +4ж2(2а} | = жа? 








For i=2,4,6,8 P(clm)- р, (o dB |" р,24В,-(1-а) 


Тћиз, Р, =+| 41-а)@—24)+4@ —4)? +01-24) | -1(9-244-1647) and 


— 16 (y? 
9 


16 „2 _ 24 | 9Е 


For union bound note that 4, =2a,j=1,2,..,9so P < 


16-17 


2а 9Е 
8х90 -80 
9 | Рм, | | 24N, 


9E 
24N, 








| 


=> Уа 





у, (f) АКТ, + RT») 


v, (f)  ARKT,-ARÁT,, i, (f)= ; -- 
ИЕ (В +R, ) 


АКТ 


ЕТ, =1,=T, then v, (f) -A(R + R)KT , 142(/)- 
R +R, 























(у= AKT, | AKT, 
R К, 
2 
; RR, | АКЕЛ, +4ЕК1 AkRR 
2 —|7 2.2 = 1% 2171 ТЖ. > (РТ +ЁТ 
v AZA uu» ЕЗ RR. RIRI, Т1+ЁТ,) 
ЕТ, =T, =T, then уа шінші КТ and v, (/)- 4 RS ar 
1-2 1 2 
A-3 
9(1+ jf) 10+ f? : 10+ f? 
(Это ғ Q7 1004 P mY) 100+ f? 
A-4 
К(К- Мос 287-(1/юС) 12-20xRCf) 
др) КЕС) э құра ОӘО) 5 узру =двкт AERO 
2R—j/@C AR? +(1/@C) 1--4(2лЕС/) 


А-1 


А-5 
If qV/KT » 1, then I» I, so i42(f) = 241 and r = kT/qI. Thus, ip2(f) = 2rkT = 4(7/2)kT, which looks 


like thermal noise from resistance R = 7/2. 


A-6 


но. Тһеп, 


With Ry = rj = rọ = 500, Eq. (8) yields g,(f) = шон 50 _ 


100 |50 4 
since П2() = ПО, Eq. (10) becomes 8B, = | g, (4f = 200 өле ы дар Н- 1048-1079. 


2x10 ^B Do edt | 
Then, from Ед. (11), АТ E Nin CP) df zug РК . Finally, with T, = Тү, 
Eq. (12) becomes 
№, = By (kT, + AT ,) «10? (4x10 +2 x10”) = 2.4x10 ? = 240 pW. 


A-7 


ТЕТ, 


T; =Т0: N, =10 А ,+Т,)х20х10° 28x10? —2— = 80x10" so (Т, TT, = 10 and 


0 
T,29T, F=1+9 =10 


2T, +91, 


Т,=2Те: М„=10°х4х107! х20х107-88 pW 


о 
А-8 

T,=T9: М, = gk(T, *T,)B,, 

T, 22Tg: N, = gk(QT ,4T,)B, = 4 gk(T, 4 T,)B, so 
2T, 4T, == (1, +). Thus T, 2 2T, F2 142 =3. 


А-9 
То 


Assume matched impedances (R, = ғ), so R 


5? 


М, = СМ, = Cgk(T, +T,)By 
М, = №, + Саб 22N, = 5= КТ, +Т,)В, 





т. == ug 
kB, КТ,В, 





To determine F by this method, we need an absolute power meter to measure 5, and we must also 


know Ву. Both requirements are disadvantages compared to the noise- generator method. 


A-10 


К =50 0. 











E apse. | 
50 +50 3004325 ` 
5050 Ч 
гүтгэн! Р" Р, = 20, IR; 
300 + 300 + 50|50 625 








2 2 
= = ама ра жЕ Thus, F = L = l/g = 26. 
P (625 | 50 | 325%, 26 


А-11 
Те =Те1 + Те2/8 where F5? = 13.2 dB = 21 => Тео = (21 – 11), so 
Те = ЗТо + 20T9/10 = 5Т and 


сты эрин ЕО S, = 6x10 " = 6 pw 
N | К@,+ТВ„ 1541,8, | 
А-12 
Since T, = То, о ылу 20.05 2 > Е<20 
| М), Е(М), М ), 


Ee 





Since F, = 1/8; = Land F, = 7 dB& 5, F = F, + =L+L(5-1)=5L 


1 


Thus, we want 5L 920 => LQ 4=6dB => L O 6dB/2 dB/km = 3 km 


A-13 
Preamp: F = 2 and g = 100; Cable: F = 4 and g = 1/4; Receiver: F = 20 


(cont.) 


4-1 20-1 








(a) Е-2%-----------2.79-4.5 dB 
100 100x1/4 

(b) Page hg ше, =8.76=9.4 ав 
A Y%x100 

А-14 


L, = 10.15 = 1.413, g, = 100, F; = 10 


1.413 
100 


soT, 150К = ТО 103 К 


T, = 0.413Т + 1.413 х50К- 





(10 —1)290К=0.413Т +107.5K 


А-15 


With unit #1 first, cascade has И, = F, + (F, – 1)/g,. Similarly, interchange the subscripts for unit #2 


F,-1 F,-1 F,-1 Е,-1 
first. Thus, F, —F,, =| F +—— |-| F,4—— |= Е, -—— НЕ, -~ 
$1 82 8: 81 


If unit #1 first yields Р, < Р, then Fi — Е < 0 and 














Е-1 1 Е -1 1 
: аа-аа 2 -(Е, Dian 50 
81 


2 1 





B 





2 








КЕТ е 


> М,<М, 
1-1/g, 1-1/g, 


A-4 


